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EXECUTIVE  SUMMARY 


1.  INTRODUCTION 

Recent  major  ineidenls  im'olving  the  release  of  hazardous  chemicals  have  heightened  the 
awareness  t)f  bttth  the  public  and  the  private  sectors  that  elTectise  siralegies  must  be  developed  to 
prevent  and  to  deal  with  emergencies.  A  number  of  federal,  state,  and  local  government  agencies 
share  portions  of  the  responsibility  for  various  aspects  of  the  problem.  With  the  verv  considerable 
overlap,  as  well  as  holes  in  the  coverage,  a  study  of  this  picture  has  been  performed  lo  review  the 
entire  collage  of  activities  and  to  recommend  appropriate  roles  for  FE.MA  and  other  agencies 
While  the  entire  area  of  hazardous  mttierials  may  require  such  a  ireaimenl,  the  most  chronic 
needs  for  a  strong  direction  are  ca.ses  where  an  airborne  hazard  is  involved.  The  materials  might 
be  in  any  form,  but  the  means  by  which  the  threat  overtakes  people  is  such  that  little  warning  is 
pvissible  and  immediate  means  of  protection  are  very  limited.  There  are,  in  fact,  many  parallels  to 
be  drawn  between  airborne  spread  of  hazardous  chemicals  and  the  airborne  dispersion  from  a 
nuclear  incident.  Since  these  parallels  exist  and  since  the  Federal  Emergenc7  Management 
Administration  (FEMA)  has  taken  a  leading  role  in  preparedne.ss  for  nucleai  problems,  it  is  natural 
that  .he  experience  and  planning  for  hazardous  materials,  particularly  airborne  ones,  should  fall  in 
that  agency.  However,  the  nature  of  the  disasters  which  are  possible  and  the  short  periods  during 
which  they  occur  make  it  absolutely  mandatory'  that  the  responsibility  for  dealing  with  the  problems 
in  local  entities  must  lie  with  the  local  authorities. 

The  comprehensive  study  of  FEMA  and  the  various  other  entities  required  that  the  project  be 
divided  into  a  number  of  tasks.  These  included; 

1.  Task  1  -  The  nature  of  the  threat  from  incidents  involving  airborne  haz.ardous  chemicals  is 
described. 

2.  Task  2  -  Existing  responsibilities  of  federal,  state,  and  local  agencies,  as  well  as  the  part  played 
by  the  private  .sector,  have  been  e.xamined.  Institutional  options  lo  new  and  existing  approai  lies 
for  reducing  risk  are  reviewed,  and  recommendations  are  made  for  these  approaches. 


3.  Task  3  -  Technical  options  are  discussed  in  light  of  the  most  hazardous  situations,  and 
recommendations  are  made  for  action  or  research  where  needed. 

2.  THE  NATURE  OF  THE  THREAT  -  TASK  I 

Several  airborne  haz,ardous-chcmicals  incidents  that  have  occurred  during  the  last  several  years 
have  focused  the  attention  of  the  public  on  preparedness  for  such  emergencies.  Perhaps  the  greatest 
attention  has  been  paid  to  the  disaster  at  the  Union  Carbide  plant  in  Bhopal,  India,  in  December 
1984.  This  and  other  selected  incidents  are  reviewed,  with  the  objective  to  show  the  extremes  in 
the  types  of  incidents  that  can  happen.  The  Bhopal  disaster  illustrates  an  incident  where  toxicity 
was  the  causative  mechanism.  On  the  other  hand,  the  Pemex  explosion  in  Mexico  City  during 
November  1984  illustrates  a  chemical  incident  where  fire  and  explosion  were  operative.  The 
Institute,  West  Virginia,  release  at  a  Union  Carbide  plant  in  August  1985  clearly  illustrates  that 
there  is  cause  for  concern  in  the  United  States  as  well  as  abroad.  The  commonality  here  is  the 
sudden  victimization  of  a  population  from  a  lethal  situation  against  which  they  cannot  gain 
protection.  The  extent  of  the  problem  in  the  United  States  has  been  studied  for  the  Environmental 
Protection  Agency  (EPA)  and  reported  in  the  "Acute  Hazardous  Events  Data  Base"  (AHE).  We 
have  drawn  recommendations  from  these  experiences  on  different  approaches  to  promoting  better 
planning,  accident  avoidance,  and  loss  control.  The  AHE  statistically  reviewed  6928  separate  events 
that  were  reported  between  1980  and  1985.  Of  these  events,  468  led  to  a  total  of  138  deaths  and 
4717  injuries.  It  was  concluded  by  EPA  that  neither  high  toxicity  nor  large  quantities  alone  create 
conditions  for  human  casualties.  In  the  events  reported,  most  injuries  were  the  result  of  toxic 
chemical  incidents,  while  most  deaths  were  caused  by  the  fire  and  explosion.  Transportation  releases 
were  involved  in  one-quarter  of  the  incidents,  while  fixed  facilities  and  storage  areas  accoun’ed  for 
the  remainder.  Because  of  the  quantities  of  hazardous  materials  kept  in  storage,  these  are  generally 
responsible  for  the  largest  releases. 
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There  appears  lo  be  a  relationship  between  the  annual  production  rates  of  certain  hazardous 
chemicals  and  the  frequency  of  their  inadvertent  release.  The  relationship  indicates  a  definite  trend 
toward  increased  releases  for  heavy  tonnage  chemicals.  It  also  shows  a  significant  number  of 
releases  at  lower  annual  production  rates  for  chemicals  such  as  H,S,  tetrachloroethylene,  SO,,  and 
methyl  chloride. 

It  is  evident  frttm  the  diversity  of  industry  and  transportation  in  the  United  States  that  there 
is  indeed  a  very  large  potential  for  disasters  of  the  Bhopal  or  Pemex  types.  'Fhe  number  of  incidents 
clearly  point  the  need  for  greater  vigilance.  Given  the  enormous  potential  for  transportation 
incidents,  no  community  of  any  size  can  ignore  this  potential  source  of  disaster.  Communities  with 
chemical  plants  have  an  added  danger,  but  this  danger  is  compensated  for  by  the  existence  of 
expertise  in  the  community. 

.C  EXISTING  RESPONSIBILITIES  AND  INSTITUTIONAL  OPTIONS  -  TASK  II 

In  Task  II,  an  oversiew  is  provided  of  the  existing  responsibilities  of  federal,  state,  and  local 
agencies,  along  with  a  review  of  the  activities  in  the  private  sector.  Overlaps  and  gaps  in  the 
responsibilities  of  the  various  agencies  are  identified,  and  their  relationship  to  current  government 
activities  is  described.  To  provide  a  framework  for  the  wide  range  of  responsibilities,  we  divided 
them  into  the  following  categories:  planning,  prevention,  response  systems,  and  training.  Gaps  and 
overlaps  in  the  responsibilities  arc  delineated  according  to  these  categories.  Institutional  options 
for  new  and  existing  approaches  arc  also  reviewed.  The  major  federal  statutes  that  impact  hazardous 
materials  response  are  as  follows: 

1.  Clean  Water  Act  (CWA); 

2.  Haz.ardous  Materials  Transportation  Act  (HMAT); 

Clean  Air  Act; 

4.  Toxic  Substance  Control  Act  (TSCA); 

5.  Comprehensive  Environmental  Rcspon.se,  Qtmpensation,  and  Liability  Act  (CERCLA); 
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6.  Rcsdurco  Compensation  and  Recovery  Act  (RCRA); 

7.  Superfund  Reauthorization  (SARA);  and 
S.  Occupational  Safety  and  Health  Act. 

These  statutes  are  described  briefly,  along  with  several  recent  state  statutes  concerned  with 
prevention  of  and  response  to  hazitrdous-matcrials  incidents. 

^A  FEDERAL  RESPONSIBILITIES 

-A  review  of  the  responsibilities  of  the  major  federal  agencies  concerned  with  response  at  the 
federal  level  is  presented.  Included  is  the  role  of  the  National  Response  Team  (NRT)  and  the 
Regional  Teams  (RRTs),  who  have  the  primary  coordinating  responsibility  for  hazardous  material 
(hazmat)  emergency  response  at  the  federal  level.  In  addition  to  the  federal  emergency  response 
programs,  an  overview  of  the  involvement  of  federal  agencies  in  extensive  planning,  training,  and 
prevention  activities  is  presented.  Responsibilities  delegated  to  the  federal  agencies  by  the  Superfund 
Amendments  and  Rcauthorization  Act  of  1986  (SARA)  are  emphasized. 

,T2  STATE  AND  LOCAL  RESPONSIBILITIES 

The  Tennessee  Emergency  Management  Agency  (TEMA)  is  selected  as  an  example  of  one  of 
the  foremost  state  emergency  agencies  in  the  country.  TEMA’s  structure  and  facilities  are  described 
along  with  Tennessee’s  implementation  of  the  SARA  provisions  applicable  in  establishment  of  state 
emergency  response  commissions.  Local/regional  emergency  activities  for  emergency  response  are 
included  using  the  Mcmphis/Shelby  County,  Tennessee  Hazardous  Materials  Advisory  Council 
(HMAC)  as  an  example. 

PRIVATE  SECTOR  ACTIVITIES 

An  imprc.ssivc  effort  with  respect  to  emergency  response  planning,  training,  and  coordination 
has  been  implemented  by  industry  and  private  organizations,  including  technical  societies.  Probably 
one  of  the  most  extensive  efforts  involves  the  programs  initiated  by  the  Chemical  Manufacturers 
Association.  The  programs  of  other  organizations  arc  also  included. 
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3.4  OVERLAPS  AND  GAPS  IN  RESPONSIBILITIES  AND  PROGRAMS 

As  noted,  overlaps  and  gaps  identified  during  this  study  have  been  eategori/ed  under  planning, 
prevention,  response  systems,  and  training. 

For  planning,  the  federal  statues  do  not  clearly  define  the  roles  and  responsibilities  of  the 
various  agencies.  Although  interagency  coordination  is  accomplished  through  the  NRT  as  mandated 
by  SARA  Title  III,  it  is  the  responsibility  of  the  state  emergency  response  commissions  to  develop 
regional  and  local  community  emergency  plans.  However,  the  statute  specifies  only  that  the  RRTs 
may  review  these  plans  when  requested  but  docs  not  provide  federal  oversight  of  the  state,  regional, 
and  local  planning  programs.  In  our  judgement,  it  is  quite  optimistic  to  assume  that  individual 
communities  will  have  the  resources  and  expertise  to  develop  ctimprehensive  plans  without  extensive 
support  from  governments,  industry,  and  concerned  private  citizens.  A  list  of  the  types  of  support 
required  for  this  planning  is  delineated,  and  recommendations  arc  made  concerning  their 
implementation.  Of  particular  importance  is  a  recommendation  for  development  of  a  computerized 
"National  Hazardous  Materials  Data  Bank,"  which  would  enable  a  planner  to  identify  the  hazardous 
chemicals  of  local  concern  listed  in  the  order  of  their  relative  risk  to  the  local  community.  This 
ranking  would  be  established  for  both  fixed  facilities  and  transportation  in  the  vicinity.  Such  a 
system  would  enable  a  local  community  to  a  prepare  preliminary  risk  assessment  as  a  first  step  in 
the  planning  process.  Sources  of  the  data  could  be  the  information  currently  required  by  provisions 
in  the  SARA  Title  III  statute.  Additional  data  such  as  historical  incident  information  on  the 
selected  hazmats,  toxic  properties,  average  local  weather  conditions,  and  potential  countermeasures 
for  these  hazmats  should  also  be  included.  Federal  development  of  guidelines  for  the  selection  of 
competent  consultants  for  technical  assistance  to  community  planning  teams  is  also  recommended. 

3.5  PREVENTION 

Control  of  the  release  of  hazmats  throughout  their  entire  life -cycle  is  a  prime  requisite  for  the 
prevention  of  emergency  releases.  Here,  responsibility  falls  under  the  jurisdiction  of  many  agencies 
and  statutes.  Coordination  of  the  federal  prevention  programs  under  an  agency  or  council 
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comparable  to  the  ri'lc  played  by  the  National  Response  Team  lor  emergeney  response  activities  is 
recommended.  Responsibilities  of  this  orttani/ation  ctruld  include:  infirrmalion  systems 

coordination,  federal  research,  and  development  program  coordination  and  ocersight  review  of 
facility  safetv  and  siting  standards,  coordination  of  operator  training  and  certification,  etc. 

Probably  one  of  the  major  acticities  concerning  prevention  is  centered  in  the  recently  passed 
state  statutes  that  require  manufacturers  of  ha/mats  to  decelop  risk  analyses  and  emergency 
procedures  for  their  facilities.  New  Jersey’s  "To.xic  Precention  Catastrophe  Act"  is  ar  mple  of 
such  a  statute.  Another  excellent  model  for  future  prexention  programs  is  the  OSUA  Pilot  Program 
(CMEMSEP).  We  recommend  that  consideration  be  given  to  establishing  a  comparable  OSHA 
program  that  wcruld  enforce  a  federal  range  of  rules  dexeloped  for  the  prexention  of  industrial 
ha/mat  releases.  Extension  of  the  current  OSH.A  standards  for  hazardous  xxasie  operators  and 
emergency  response  personnel  to  all  xvorkers  handling  hazardous  chcmitals  is  strongly  recommended. 
.v6  RESPONSE  SYSTEMS 

One  of  the  most  critical  aspects  of  emergency  response  to  hazmat  releases  is  the  immediate 
notification  of  local,  state,  and  federal  authorities  xvhen  an  incident  occurs.  The  fact  that  delays  in 
notification  haxe  occurred  or,  at  times,  relea.ses  xvere  not  reported  at  all  is  xxell  documented  in  the 
literature.  In  our  judgment,  more  stringent  regulations  are  needed  requiring  immediate  notification 
(xvithin  15  min.  as  required  by  nuclear  regulations)  of  significant  releases  from  any  storage  vessel 
or  other  item  of  equipment  or  any  transportation  vehicle. 

Current  statutes  do  not  address  the  issue  of  emergency  classification  xxhich  icfers  to  the 
gradation  of  emergency  conditions  from  small  incidents  to  catastrophic  ones.  The  statutes  also 
neglect  the  situation  in  which  there  is  imminent  danger  of  a  hazmat  release  hut  the  exent  has  not 
yet  occurred.  In  each  case,  the  public’s  xx’clfarc  xvould  be  better  serxed  if  the  incident  seriousness 
were  classified  sx)  that  respxsnse  organizatix^ns  could  be  alerted  to  ;in  tippropriate  emergency  action 
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Many  very  hazardous  materials  such  as  gasoline,  petroleum  solvents,  liquefied  petroleum  gas 
(LPG),  and  earhon  monoxide  are  not  included  as  CERCLA  reportable  quantities,  although  Ihev  arc 
extremely  reactive  and/or  toxic  materials.  LPG  was  the  ha/mat  responsible  for  the  deaths  of  5(M) 
people  and  injuries  to  25fK)  people  reported  in  the  Pemex  disaster  that  occurred  in  Mexico  City  in 
IdSq.  It  is  apparent  that  continuous  evaluation  and  updating  of  the  CERCLA  "reportable  quantity" 
list  are  needed  in  order  to  include  hazmais  not  currently  listed  and  to  dexelop  more  stringent 
requirements  for  listed  ha/mats  where  n  -rre  recent  data  on  ha/mat  releases  indicate  that  additional 
prtrtection  is  needed. 

.\7  TRAINING 

it  might  appear  from  the  number  of  available  training  programs  rtffereu  by  various  governmental 
and  private  organizations,  in  additiem  to  the  requirements  for  training  specified  by  SARA  Title  111, 
that  the  needs  for  support  for  this  aspect  arc  being  adequately  addressed.  However,  various  sources 
indicate  that  the  effectiveness  and  extent  of  eovertige  of  current  training  pntgranis  are  not  ecjuitable 
for  the  following  reasons: 

1.  Qinscnsus  standards  for  training  -  Consensus  standards  are  needed  for  the  competency  levels 
required  for  each  level  of  response  personnel. 

2.  Q)ursc  evaluation  -  The  content  and  quality  of  existing  courses  are  very  diverse.  Evaluation 
of  these  programs  is  needed  to  ensure  consistency  and  to  provide  for  adequate  training  at  all 
levels  of  rcspon.se  personnel. 

?>.  Qmrdination  of  training  courses  -  Numerous  separate  organizations  offer  courses  hut  there  is 
little  coordination  so  that  programs  arc  not  evaluated  and  trainees  have  difficulty  finding  useful 
courses. 

4.  Extent  of  awerage  by  training  programs  -  Only  a  fraction  of  the  widertinge  of  response 
personnel  needing  training  arc  actually  receiving  it.  One  reason  for  this  is  the  lack  of  adequate 
support  for  training  expenses. 

Several  recommendations  to  meet  thc.se  training  needs  arc  included  in  Ihis  study. 
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4.  TECHNICAL  OPTIONS  FOR  COUNTERMEASURES  -  TASK  III 

Task  III  provides  a  characterization  of  emergency  releases  of  hazmats,  the  technical  basis  for 
needed  countermeasures,  and  an  evaluation  of  our  available  resources.  New  technical  approaches 
for  reducing  the  risk  of  hazmat  releases  are  discussed.  A  methodology  is  propt)scd  for  measuring 
the  relative  threat  from  various  ha7.ardous  chemicals,  and  the  system  that  was  developed  was  tested 
on  120  .selected  haz.ardous  chemicals. 

4.1  CHARACTERIZATION  OF  EMERGENCY  RELEASES 

A  review  of  the  principal  methods  currently  used  to  characterize  the  nature  of  emergencies 
produced  a  wide  range  of  proposed  definitions.  The  response  levels  as  defined  by  the  NRT  Planning 
Guide,  which  provides  guidelines  to  the  public  for  determining  the  extent  of  the  emergency,  are  (1) 
a  potential  cmcrgenc7,  (2)  a  limited  emergency,  or  (.4)  a  full  emergency  condition.  Response 
recommendations  in  terms  of  the  emergency  contacts  to  be  made  arc  also  included.  A  comparison 
of  the  NRT  Response  Levels  with  the  Nuclear  Emergency  Classifications  indicates  that  the  latter 
contains  four  levels  of  classification,  including  an  "unusual  event"  category.  This  alerts  responders 
of  potential  degradation  in  the  system  but  no  release  of  radioactivity.  Consideration  of  the  addition 
of  this  level  to  hazardous-materials  emergencies  is  proposed  in  order  to  provide  notification  where 
a  potential  emergency  exists  or  where  the  first  responder  is  unable  to  specify  the  level  of  response 
when  an  actual  release  has  occurred.  The  types  and  extent  of  response  required  are  also  included 
in  the  NRT  Response  Level  Definitions. 

4.2  TECHNICAL  BASIS  FOR  NEEDED  COUNTERMEASURES 

The  technical  issues  are  categorized,  and  their  technical  basis  is  defined  for  the  following  areas: 

-  Prevention 

-  Planning 

-  Response 

-  Training. 
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The  technical  bases  cover  a  broad  range  of  technical  activities  that  will  involve  experts  from  a  wide 
variety  of  disciplines  such  as  engineering,  mathematics,  physics  and  chcmistr)’,  education,  social 
science,  and  medicine. 

4.3  EVALUATION  OF  AVAILABLE  RESOURCES 

Technical  countermeasures  for  mitigation  of  hazardous-materials  releases  include  a  wide  variety 
of  considerations,  including  emergency  equipment,  mathematical  models,  probabilistic  risk 
assessments,  training  programs,  etc.  An  overview  of  the  resources  currently  available  to  local 
response  organiziitions  and  chemical  facilities  that  produce,  store,  or  transport  hazardous  materials 
is  developed  along  with  a  partial  identification  of  commercial  sources. 

4.3.1  Vapor  Hazard  Control 

The  control  of  vapors  from  a  toxic  release  is  the  initial  line  of  defense  against  the  spread  and 
eventual  damage  to  the  public  health  that  would  occur.  The  control  of  fires  and  explosions  has 
equal  priority  because  of  possible  dispersion  of  toxic  chemicals  and  the  general  safety  of  the 
surrounding  community.  Countermeasures  evaluated  include  the  following: 

-  Mechanical  covers 

-  Vapor  curtains 

-  Induced  air  movement 

-  Gelling  equipment 

-  Foam  systems. 

Three  basic  mechanical  cover  techniques  are  considered:  (1)  total  cover  of  the  spill  area  by 
cloth  or  other  continuous  material,  (2)  spray  of  a  continuous  cover  such  as  urethane,  and  (3) 
buoyant  particles  that  can  be  floated  on  the  surface  to  reduce  vapori7.ation.  Floating  cover 
assemblies  as  well  as  particulate  covers  are  available  commercially,  but  cost  may  be  a  deterrent  to 
the  latter  technique. 
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Water  spray  barriers  can  achieve  worthwhile  enhancement  of  the  rate  of  dispersion  and  dilution 
of  heavy  gas  spills  but.  practical  problems  exist.  Wind  direction  changes  necessitate  the  use  of 
barriers  wider  than  the  actual  vapor  cloud  and  mav  require  frequent  redeployment  of  the 
equipment.  Sprays  have  been  shown  to  be  effective  in  reducing  the  flammable  plume  size  downwind 
of  I.NG  spills. 

Simple  dilution  provides  a  direct  approach  toward  toxic  and  flammable  vapttr  concentration 
reduction.  TTiis  insolvcs  the  transport  and  mixing  of  uncor.taminated  air  with  the  released  vapors. 
Uirge  blower  equipment,  such  as  surplus  jet  cngiiios.  is  available  commercially  and  is  currently  being 
used  by  railroads  to  remove  snow  and  by  airports  to  disperse  fog. 

Foams  have  the  ability  to  suppre.ss  vaporization  when  applied  over  the  surface  of  a  volatile 
chemical.  The  foam  forms  a  barrier  with  a  high  resistance  to  both  convective  and  molecular 
diffusion;  in  addition,  it  has  the  ability  to  absoro  the  vapors  to  a  certain  extent.  The  efficiency  of 
vapor  suppression  depends  on  the  vapor  pressures  and  the  aqueous  solubilities  of  the  vaporizing 
chemical.  Foams  also  reduce  vaporization  by  insulating  the  chemical  from  solar  radiation  and  the 
ambient  air.  Flowcver,  foams  lose  their  effectiveness  for  vapor  suppression  due  to  aging  and  the 
effects  of  wind,  temperature,  humidity,  or  intensity  of  sunlight.  Additional  layers  of  foam  must  be 
applied  when  this  occurs.  Results  of  vaporization  reduction  tests  (vaporization  reduction  is  the  ratio 
of  actual  concentration  in  the  ambient  air  using  foam  to  the  monitored  concentrations  for  free 
vaporization)  indicate  reductions  that  vary  between  40  and  90%  over  duration  periods  up  to  120 
min.  The  results  for  ammonia  .showed  reduction  of  about  50%  for  up  to  120  min.  Results  for 
the  flammability  suppression  by  foams  were  measured  in  terms  of  the  .secure  time  before  ambient 
air  concentrations  reached  the  lower  explosive  limit  for  particular  flammable  chemicals.  Secure 
times  of  60  min.  were  achieved  using  foam  depths  of  up  to  10  in.  In  general,  the  data  indicate  that 
substantial  improvements  in  vapor  suppression  of  many  toxic  chemicals  must  be  achieved  before  this 
method  can  be  considered  as  a  viable  countermeasure.  However,  foams  do  appear  to  be  quite 
effective  in  preventing  fires  during  the  relea.se  of  certain  flammable  chemicals. 

4..^.2  Emergcnc7  Equipment 


XXI 


A  wide  variety  of  equipment  is  available  for  prevention  of  toxic-material  spills  and  response  to 
emergencies  involving  these  materials.  Many  of  these  items  are  included  in  the  equipment  and 
supplies  carried  by  emergency  response  teams  responsible  for  mitigating  the  effects  of  chemical 
spills.  Items  described  include  the  following: 

-  Chlorine  emergency  kits 

-  Off-loading  pumping  systems 

-  Patching  and  plugging  equipment 

-  Response  and  communications  equipment 

-  Equipment  for  fires 

-  Personal  safety  equipment 

-  Labels  and  placards. 

In  addition  to  the  above  items,  inert-gas  systems  used  for  the  prevention  of  fires  and  explosions  in 
vessels  and  storage  tanks  are  also  included. 

4.3.3  Emergency  Warning  and  Evacuation  Systems 

Emergency  warning  and  evacuation  systems  are  of  utmost  importance  in  the  prevention  of 
injuries  and  fatalities  from  releases  of  toxic  chemicals.  For  fires  and  explosions,  warnings  and 
evacuations  may  be  less  effective  due  to  the  short  lead  times  and  the  possible  wide  area  effects. 
More  statutory  emphasis  should  be  placed  on  requiring  immediate  notification  and  evacuation  in 
cases  where  there  is  imminent  danger  of  a  fire  or  explosion  even  when  no  release  of  hazardous 
materials  has  occurred.  For  toxic  chemical  releases,  the  effectiveness  of  large-scale  evacuations  has 
been  shown  to  be  a  function  of  the  area  to  be  evacuated,  the  population  density,  and  the  warning 
time.  Warning  time  is  a  particularly  important  factor.  Other  issues  that  impact  the  effectiveness 
ot  evacuations  include  uncertainties  in  the  physical  hazard.s,  uncertainties  in  the  warnings,  social 
factors,  organizational  factors,  and  certain  behavioral  factors.  In  general,  the  public  is  more  likely 
to  evacuate  their  homes  when  they  perceive  the  situation  to  be  personally  threatening.  However, 
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most  local  communities  are  not  well  prepared  for  evacuations,  and  disaster  preparedness  for 
chemical  emergencies  is  not  currently  accorded  high  community  priority  and,  therefore,  is  not 
systematically  addressed 

Public  warning  systems  for  the  types  of  events  considered  must  not  only  warn  the  community 
but  also  essentially  provide  specific  directions  for  evacuation  and/or  sheltering.  Systems  available 
include  alerting  components  such  as  sirens,  bells,  whistles,  and  horns  plus  communication 
components  such  as  public  address,  telephone,  radio,  and  TV  broadcasts.  Combined  alert  and 
notification  systems  are  available  and  are  used  at  certain  chemical  plants. 

The  determination  of  the  zone  to  be  evacuated  during  an  emergency  involves  complex 
procedures  that  are  dependent  on  many  factors.  Probably  the  most  effective  systems  for  this 
determination  are  the  computerized  atmospheric  dispersion-emergent^  response  programs  available 
commercially.  This  judgment  assumes  that  the  release  is  of  sufficient  duration  to  allow  operation 
of  the  computer  system.  Further,  operation  of  the  computer  in  a  real-time  mode  enables  periodic 
updating  of  the  vapor  cloud  location,  composition,  and  predicted  direction  of  transport. 

In  the  absence  of  available  computerized  systems  or  in  cases  where  time  will  not  permit  their 
application,  quick  estimates  of  the  emergency  response  zone  can  be  developed  by  using  a  variety  of 
published  methods.  These  include  evacuation  tables,  tables  of  maximum  distances  over  which 
haz.ardous  gases  may  be  harmful,  simple  mathematical  formulas  for  estimating  an  evacuation  zone, 
and  charts  based  on  Gaussian  dispersion  equation  calculations.  Development  of  a  simple  low-cost 
hand  calculator  that  could  be  used  by  emergency  response  personnel  to  determine  emergency 
response  zones  is  recommended. 

As  an  alternative  to  evacuation,  in-place  sheltering  may  be  a  viable  means  of  self-protection  at 
large  distances  downwind  from  the  release  point  where  the  concentration  of  hazardous  material  is 
well  below  the  flammable  limits  but  may  still  be  toxic.  Calculations  indicate  that  for  short-time 
puffs  of  toxic  gases,  the  dose  to  inhabitants  of  typical  dwellings  would  be  one  or  two  orders  or 
magnitude  less  than  if  they  were  exposed  to  the  vapor  cloud  outside.  Although  the  dose  to  the 
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inhabitants  short-term  is  low,  over  a  long  period  of  time  (hours)  the  dose  uould  be  the  same  as  that 
outside  if  the  dwelling  were  not  opened  and  Hushed  elean  as  soon  as  possible  alter  the  eloud  has 
passed.  If  this  is  not  possible,  evaeuation  from  the  eontaminaied  area  may  be  neeessary. 

4. ,'.4  Ha/mat  Mimitoring  and  Ambient  Air  Dispersn)n  Modeling 

Response  to  a  recent  survey  of  monitoring  activities  by  various  chemical  plants  indicated  that 
over  45'r  of  the  respondents  nmtinely  monitor  emission  of  chemicals  from  their  plants.  The 
following  methods 
are  used; 

1.  detection  of  odors  by  operating  personnel, 

2.  industrial  hygiene  monitoring, 

.V.  portable  gas  detectors, 

4.  detector  tubes, 

5.  grab  samples, 

6.  fixed-point  continuous  monitors,  and 

7.  personal  dosimeters. 

Although  advances  in  technology  are  in  progress,  the  capability  is  not  currently  available  for 
measuring  all  ha/iirdous  substances  in  the  ambient  air  using  a  single  system.  Various  instruments 
arc  designed  for  different  chemicals;  for  the  most  part,  however,  the  chemical  species  and  its 
expected  concentration  range  must  be  specified  before  a  reliable  system  can  be  installed  for 
emergency  deteetio.r.  and  monitoring.  The  survey  also  revealed  that  most  of  the  monitoring  done 
by  chemical  facilities  is  performed  within  the  process  unit  areas;  little  monitoring  is  done  at  the 
plant  boundaries  or  beyond. 

The  two  main  categories  of  monitors  are  point  sen.sors,  which  analyze  the  air  at  one  or  more 
locations  in  or  around  a  facility,  and  remote  sensors,  which  are  capable  of  continuously  monitoring 
an  entire  plant  area.  Tiie  point  .■censors  that  were  reviewed  include  the  following: 


1.  ion  mobility  spectrometers, 
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2.  ampcromctric  and  voltammctric  analyzers, 

3.  colorimetric  analyzers, 

4.  name  photometry'  analyzers, 

5.  nondispersivc  abstuption  spectrometers, 

6.  dispersive  absorption  spectrc'meters, 

7.  lourier  transform  infrared  spectrometers,  and 

S.  mass  spectrometers. 

Two  remote  scanning  monitors  were  considered:  (I)  differential  absorpti(m  light  detection  and 
ranging  (DIAL),  (2)  lidar  systems. 

Portable  instruments  for  the  detection  of  toxic  or  llammable  chemical  leak<  that  were  also 
identified  include: 

1.  gas  detector  tubes, 

2.  comhustible  gas  detectors,  and 

3.  portable  gas  chromatographs, 

,Many  computer-based  dispersion  models  for  predicting  the  spatial  and  temporal  dispersion  of 
toxic  and  llammable  vapor  clouds  have  been  developed  and  are  now  commercially  axailable.  In 
addition  to  their  dispersion  capabilities,  certain  models  include  features  such  as  inclusions  of  local 
emergency  action  plans,  graphical  displays  of  emergency  action  zones,  information  tailored  to  special 
population  (hospitals,  etc,)  needs,  facility  on-site  features  to  indicate  process  features  at  the  loaiticm 
of  the  leak,  and  emergency  plan  checklists  to  monitor  the  progress  of  an  emergency  response. 

A  recent  review  of  a  group  of  80  emergency  response  models  identilied  10  commercial 
emergency  response  systems.  Four  of  these  ten  models  were  then  subjected  to  detailed  evaluations, 
which  included  simulations  of  actual  dispersion  !c- 1'.  Llcsult'  of  the  comparisons  showed  reasonable 
agreement  for  several  models  and  identified  potential  problem  areas  in  others.  A  major  deficiency 
in  all  the  models  was  the  exclusion  of  simulations  for  chemical  reactions,  fires,  and  explosions. 
Seven  commercially  available  emergency  systems  are  identified,  and  their  features  and  approximate 


costs  are  compared. 


4..v.^  Hazards  E\aluati(ins  of  PrcKossing  Facilities 

Predictisc  Hazards  Esaluaticins  (PHE)  is  the  title  civen  to  a  croup  ol'  procedures  used  for 
detailed  quaiitatise  and  quantitative  safety  studies  perfornied  on  ehetnieal  proeessinc  facilities.  They 
are  used  to  identify  and  evaluate  process  hazards  throujrhc'ut  all  pha^'Cs  of  the  lile  of  a  laeility: 
dcMcn,  eonsiruetion.  startup  and  shutdown,  ni'rnial  operations,  and  plant  nii'diliealicnis.  PHE  has 
been  developed  and  used  extensively  over  the  past  ten  years  ny  eheniieal,  petroeliernieal,  and 
petroleum  refineries  throughout  the  world. 

The  procedures  that  are  developed  may  he  divided  into  two  categories:  (  I  i  iliose  whieli  I'rovide 
identitieation  of  the  specific  hazards  m  a  pri'eess  plant  and  (2)  a  grou|i  ol  qu.iniila'ive  mathemaiieal 
mi'dels  capable  ol  estimating  the  risks  associated  with  both  normal  and  abnormal  pl.int  oper.iiions. 

Predictive  Hazards  .Analyses  (PHA)  range  from  simple  relatively  inexpensive  identitieation 
studies  to  very  detailed,  complex,  and  expensive  systems.  Decisions  as  to  which  sysiems  ,ire  lo  be 
employed  by  a  particular  plant  depend  primarily  on  the  levels  of  ri'k  exisimg  ,ii  ihe  |ilani,  the 
complexity  of  the  process,  the  potential  for  serious  eonset|uenees  Irom  an  awidviii  to  the  plant 
personnel  and  the  local  community,  and  the  technical  and  financial  resources  ,i\,iil.ible  to  the  pl.mi 
management. 

Acceptance  bv  the  chemical  industry  of  PHA  systems  varies  considerably  among  the  vaiious 
methods.  Widespread  acceptance  has  occurred  for  Preliminary  Hazard  Analysis;  I'ailure.  Model. 
Evffeets.  and  Criticality  Analysis;  and  the  H/\ZOP  procedure.  These  are  primanly  procedures  ihat 
force  the  plant  designer  operators  to  review  the  pr  'cess  in  intensive  ''etad  and  idcniily  those  .ireas 
where  significant  risks  exist  and  provide  information  lo  management  conccining  the  eorrcelive 
actions  required.  A  partial  list  of  contractors  who  offer  PHA  analysis  servivcs  lo  the  ehcmic.il 
industry  is  included. 

4.2.6  F-mergene'y  Response  Information  and  Dal.i  Base 

Information  requirements  for  the  development  of  loc.il  eomnuiniiy  enuigiiuv  icsponse  pi. ms 
is  very  extensive,  and  obtaining  it  can  consume  sign'tic.inl  amounts  ol  nme  ,ind  usmiui-s  The  ivpcs 
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of  information  bases  to  b<'  developed  inelude; 

1.  hazardous  materials  properties  (toxieily,  flammability,  reactivity,  physical  properties,  etc.) 

2.  historical  data  on  hazmat  accidents;  and 
inventories  and  materials  flow  for  hazmats. 

Several  excellent  data  bases  arc  available  for  the  properties  of  hazardous  materials,  including 
the  EPA  List  of  "Extremely  Hazardous  Substances,"  the  Material  Safety  Data  Sheets  (MSDS"),  the 
MEDLARS  Data  Base,  the  CHRIS  Hazardous  Chemical  Data  Base,  the  zVssociation  of  American 
Railroads  Data  Base,  DOTs  Guidebook  for  Hazardous  Materials  Incidents,  and  NFPA’s  Fire 
Prevention  Guide  on  Hazardous  Materials. 

The  most  complete  resource  information  for  historical  data  on  hazmat  incidents  is  the  EPA 
Acute  Hazardous  Events  Data  Ba.se.  Transportation  events  arc  recorded  under  the  DOT  Hazardous 
Materials  Information  Systems;  and,  by  law,  all  significant  hazmat  events  are  to  be  reported  to  and 
recorded  in  the  National  Response  Center  Data  Base.  This  data  base  will  probably  improve 
significantly  under  the  reporting  provisions  of  the  new  SzVRA  Title  111  statute. 

The  only  federal  materials  flow  data  base  for  transportation  of  hazmats  is  the  Commodity 
Transportation  Survey.  However,  these  data  arc  usually  aggregated  and  not  useful  for  specific 
materials  flows.  Data  concerning  hazmat  transportation  by  rail  or  by  water  arc  available,  but  truck 
data  are  far  less  plentiful.  Local  surveys  are  usually  required  to  determine  the  flows  of  hazmats 
through  local  communities  for  emergency  planning  purposes. 

4. .1.7  Community  and  Facility  Planning  for  Toxic  Chemical  Emergencies 

Guides,  planning  proeedure  handbooks,  and  reports  of  suecessful  planning  projects  have  been 
developed  under  sponsorship  of  the  federal  government,  industry,  trade  organizations,  and  private 
engineering  organizations.  Descriptions  of  the  various  documents  available  for  planning  operations 
are  included,  along  with  a  partial  list  of  organizations  available  for  consulting  in  this  area. 

4.4  NEW  TECHNICAL  APPROACHES 
4.4.1  Prevention  of  Chemical  Accidents 
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Increased  emphasis  has  been  placed  recently  on  the  technical  couniernieasures  involved  in  the 
prevention  of  chemical  accidents  and  the  interaction  between  the  prevention  and  the  emergency 
response  aspects.  Technical  approaches  reviewed  in  the  area  of  prevention  include  the  following: 

1.  hum.an  factors  in  accident  prevention, 

2.  prevention  at  chemical  production  and  storage  facilities, 

3.  prevention  through  education  and  certification,  and 

4.  community  awareness  programs. 

Prevention  countermeasures  that  appear  promising  for  existing  plants  include: 

1.  plant  risk  analysis  (HAZOP,  Failure  Mode  and  Effects,  etc.); 

2.  equipment  depressurizing  during  emergencies; 

3.  secondary  containment  systems; 

4.  reduction  of  toxic  material  inventories; 

5.  substitutes  for  hazardous  materials; 

6.  explosion  suppression  systems; 

7.  machinery  vibration  programs;  and 

8.  improvements  to  storage  systems; 

Many  of  these  countermeasures  have  already  been  implemented  in  various  chemical  plants. 
Their  adoption  by  the  entire  sector  would  almost  certainly  improve  the  overall  safety  and  reliability 
of  the  process  industry  and  significantly  reduce  the  frequency  of  chemical  releases. 

4.4.2  Detection  and  Warning  Systems 

Probably  the  most  critical  need  with  respect  to  detection  .systems  concerns  the  requirement  for 
a  remote  sensing  instrument  that  will  detect  releases  of  a  wide  range  of  chemicals  over  the  entire 
area  or  boundary  of  a  plant  site.  Instruments  arc  currently  available  to  perform  this  task  for  one 
or  perhaps  several  chemicals  but  not  for  a  broad  range  of  materials.  Also,  they  are  not  currently 
capable  of  detecting  a  mixture  of  hazardous  materials  in  the  ambient  air.  Costs  for  the  available 


instruments  for  remote  sensing  are  ver^'  high  -  probably  beyond  the  range  ttf  most  communities 
concerned  with  mimitoring  local  highways,  truck  strtps,  rail  yards,  clc.  The  only  realistic  detection 
Systems  for  local  monitoring  appear  to  be  low-cost  point  sensors  for  particular  chemicals  such  as 
ammonia,  chlorine,  and  hydrogen  sulfide.  Selection  of  the  hazards  to  be  monitored  can  be 
accomplished  by  hazard  evaluations  for  a  particular  community  and  by  identifying  those  chemicals 
th;it  are  most  likely  to  present  a  risk  to  the  community. 

4.4..^  Minimizing  Transportation  Risks 

Improved  data  and  information  systems  concerning  highway  and  rail  transportation  of  haz.ardou.s 
materials  are  probably  the  most  critical  countermeasures  needed  by  Utcal  planning  committees.  Data 
;tre  not  currently  available  for  the  flow  of  these  materials  through  the  ntition.  ;ind  the  only  feasible 
approach  for  their  development  is  through  local  surveys.  While  some  communities  have  already 
made  such  surveys,  the  costs  are  probably  too  high  for  the  resources  of  most  local  areas.  It  may 
be  feasible  to  utilize  the  data  required  by  the  new  SARA  Title  III  statute  to  develop  a  materials 
tlow  data  base;  thus,  studies  of  this  potential  resource  arc  recommended. 

The  installation  of  adequate  monitoring  and  warning  equipment  at  transportation  vehicle 
concentration  points  such  as  rail  yards  and  truck  stops  appears  to  be  a  critical  need.  Recent 
experience  has  demonstrated  that  these  points  'tc  potential  locaiicms  of  toxic  releases,  and  they 
represent  significant  risks  to  the  nearby  populations. 

Another  proposed  countermeasure  concerns  the  use  of  radio  warning  systems  installed  in 
vehicles  carrying  hazmats.  The.se  systems  would  be  activated  during  an  accident  and  would  provide 
first  responders  a  description  of  the  cargo  and  recommended  response  procedures  from  a  remote 
position.  It  is  suggested  that  this  practice,  if  adopted,  would  permit  identification  of  the  airgo  much 
more  rapidly  and  remove  doubt  as  to  the  proper  procedures  to  be  used  in  response  to  chemical 
transportation  accidents. 

Development  of  remotely  operated  emergency  response  equipment,  advanced  computer  programs 
that  utilize  artificial  intelligence  for  emergency  response  situations,  and  investigation  of  the  feasibility 


XXIX 


of  controlled  hunting  during  hazardous  chemical  releases  are  also  recommended. 

4  5  METHODOLOGY  FOR  RANKING  OF  CHEMICAL  HAZARDS 

A  system  for  developing  a  uniform  approach  to  the  measurement  of  the  relative  threat  from 
various  chemicals  has  been  developed.  This  approach,  which  is  needed  because  of  the  wide  diversity 
in  these  materials,  assigns  ratings  for  toxicity,  fire,  reactivity,  mobility,  domestic  production,  and 
domestic  shipments  to  each  material.  Each  rating  is  then  multiplied  by  an  importance  factor,  and 
the  results  are  combined  mathematically  to  obtain  an  overall  ranking  which  can  be  used  to  compare 
the  relative  risks  for  each  material. 

The  rating  system  was  tested  on  120  hazardous  materials  selected  from  the  EPA  list  of 
"Extremely  Hazardous  Substanees"  and  other  sources.  A  broad  range  of  variables  was  used  as  the 
criteria  for  selection  of  these  materials,  including  the  following: 

1.  very  acute  to  low  toxicity, 

2.  bulk  industrial  chemicals  to  low  annual  production  rate  chemicals, 

3.  highly  flammable/explosive  to  nonflammablc/nonrcactive  materials, 

4.  chemicals  that  have  caused  zero  to  many  injuries  or  deaths  during  19.S()-]9cS5,  and 

5.  very  volatile  (mobile)  to  slightly  volatile  chemicals. 

Results  of  this  rating  system  are  tabulated  in  four  categories  representing  materials  of 
descending  levels  of  relative  risk: 

1.  very  high  risk, 

2.  high  risk, 

3.  moderate  risk, 

4.  lesser  risk. 

No  attempt  was  made  toward  ranking  the  individual  materials  within  their  individual  categories. 
The  120  chemicals  selected  were  spread  roughly  equally  among  the  four  categories. 

In  our  judgment,  this  ranking  system  should  he  of  value  to  planners  responsible  for  selecting 
those  materials  which  rcprc.scnt  the  maximum  danger  to  their  local  communities  and  also  for 
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determining  the  hazard  ranking  of  new  chemicals  entering  the  market.  Extension  of  this  procedure 
to  the  entire  list  of  "Extremely  Hazardous  Materials”  is  recommended. 


XXXI 


ABSTRACT 


Recent  major  incidents  involving  the  airborne  release  of  hazardous  chemicals  have  led  to 
this  study  of  effective  strategics  must  be  developed  to  prevent  and  to  deal  with  emergencies.  The 
comprehensive  study  of  FEMA  and  the  various  other  entities  required  that  the  project  be  divided 
into  three  tasks.  These  included: 

Task  I  -  The  nature  of  the  threat  from  incidents  involving  airborne  hazardous  chemicals  is 
described.  Based  on  available  databa.ses,  a  new  methodology  for  ranking  chemical  hazards  is 
proposed  and  tested. 

Task  2  -  Existing  responsibilities  of  federal,  state,  and  local  agencies,  as  well  as  ihc  part  played  by 
the  private  sector,  have  been  surveyed.  Legislation  at  all  levels  of  government  are  reviewed  and  in 
light  of  this  analysis,  the  role  of  FEMA  is  examined.  Institutional  options  to  new  and  existing 
approaches  for  reducing  risk  arc  reevaluated,  and  recommendations  arc  made  for  these  approaches. 
Task  3  -  Technical  options  arc  discussed  in  light  of  the  most  hazardous  situations,  and 
recommendations  arc  made  for  action  or  rc.scarch  where  needed.  Emphasis  is  laid  on  new  and 
emerging  technologies  in  the  area.  Finally  recommendations  are  offered  regarding  actions  which 
would  improve  preparation,  training,  mitigation,  and  response  on  the  part  of  FEMA  to  the  release 


of  hazardous  chemicals. 


1  INTRODLXTION 


Recent  majtir  incidents  ineolving  the  release  i>l  hazardous  eheniieals  ha\e  heightened  the 
awareness  of  both  the  public  and  prisate  sectors  that  el'leetive  strtitegies  must  be  developed  to 
prevent  and  to  deal  with  emergencies.  A  number  of  federal,  state,  and  local  government  agencies 
share  portiems  of  the  responsibility  for  various  aspects  of  the  problem.  With  the  very  considerable 
oserlap,  as  well  as  holes  in  the  coverage,  it  is  desirable  to  perhuni  a  studv  of  this  picture  and  to 
re\iew  the  entire  collage  of  activities  and  to  recommend  appropriate  roles  for  FHMA  and  other 
agencies.  FEMA’s  role  in  the  hazardous  materials  area,  as  in  other  emergency  management 
problems,  is  one  of  coordination.  FE.MA  is  not  a  resource  ttgenev  with  extensice  substantice 
expertise  or  ttperational  responsibility.  The  implication  of  coordination  is  that  multiple 
organizations  which  usually  function  separately  are  to  work  together,  similar  in  a  general  sense  to 
wh;it  is  understood  by  physical  or  mechanical  coordintition:  the  jiieces  connect  where  they  are 
supposed  to  and  work  together  to  move  ahead  in  a  common  direction.  In  his  coordination  role, 
the  Director  of  FE.MA  is  responsible  for  a.ssuring  that  legally  mtindated  elements  of  emergency 
management  do  in  fact  exist,  that  when  they  should  they  can  and  are  likely  to  work  Ktgelher  rather 
than  independently,  or,  worse  at  cross  purposes,  and  that  the  approaches  used  to  manage  the  various 
aspects  of  the  problem  are  reasonable  and  likely  to  meet  the  requirements  to  the  extent  that  current 
knowledge,  technology  and  management  allow. 

While  the  whole  area  of  hazardous  materials  may  require  such  a  treatment,  the  most  chronic 
need  for  a  strong  direction  is  cases  where  an  airborne  h;iz;ird  is  invoiced.  The  materials  might  be 
in  any  form  but  the  means  by  which  the  threat  overtakes  people  is  such  that  little  warning  is 
possible  and  immediate  means  of  protection  are  very  limited.  There  are,  in  fact,  many  parallels  to 
be  drawn  between  airborne  spread  of  hazardous  chemicals  and  the  airborne  dispersion  from  a 
nuclear  incident. 

Since  these  parallels  exist  and  since  FEMA  has  ttiken  a  letiding  role  in  lueparedness  for 
nuclear  |)ioblems,  it  is  a  relatively  small  step  for  F^F.MA  in  its  coordination  role  ;ind  through  its 


emergency  management  assistance  prrrgram  to  support  state  and  local  gosernments,  to  deal  with 
planning  for  hazardous  materials,  particularlv  airborne  ones,  in  conjunction  vsith  other  agencies. 
However,  the  nature  of  the  disasters  which  are  possible  make  it  absolutely  mandatory  that  the 
responsibility  for  dealing  with  the  problems  in  local  entities  must  lie  with  the  local  authorities. 
While  accidents  are  a  large  portion  of  the  hazard,  obviously  one  must  also  have  a  concern  for 
hociilo  ac's.  Again,  the  airborne  segm^.nt  of  the  hazards  in  such  events  is  the  primary  focus  of  this 
investigation. 

The  comprehensive  study  of  the  role  of  FE.MA  and  the  \arious  other  entities  in  preventive 
measures  and  planning  requires  that  the  project  be  divided  into  a  number  ol  tasks.  Quoting  from 
the  work  statement  for  this  project  (see  Appendi.x  A),  these  include: 

1.  Task  1  -  The  Threat.  TTere  appears  to  be  no  consensus  on  how  to  define  the  threat.  Several 
measures  of  to.xieity  and  e.xposure  are  available  and  are  used  for  various  purposes,  but  toxicity  of 
the  chemical  agent  is  only  one  aspect  of  the  threat,  however  central.  Approaches  will  be 
summarized  and  evaluated,  and  recommendations  will  be  developed  for  a  systematic  approach. 
The  emphasis  will  be  on  acute,  emergenc7  conditions,  as  opposed  to  chronic,  long-term  situations. 

The  interest  is  in  chemicals  that  have  the  potential  for  endangering  people  over  significant 
areas.  Emphasis  will  be  placed  on  chemicals  that  can  become  airborne  (gases,  vapors,  and 
aerosols),  and  to  a  lesser  extent,  waterborne. 

The  mechanism  of  dispersal  can  be  chemical  pkint  accidents,  transport;ition  accidents,  or 
malevolent  dispersal,  including  nuclear  attack.  Relative  hazards  may  be  proportioned  to  the 
product  of  the  acute  toxicity  (reciprocal  of  LD,„)  and  quantities  normally  present  or  easily 
obtainable. 

2.  Task  2  -  Current  Responsibilities.  The  statutory  and  rcgulattrry  responsibilities  of  federal 
agencies,  including  overlap  and  or  gaps,  will  be  identified.  Significjint  activities  at  the  state 
and  local  levels  will  be  summarized.  Strategies  being  developed  by  many  private  organiz.ations 
and  trade  groups  to  handle  emergencies  and  reduce  risk  will  be  described.  More  effective 
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methods  are  to  be  identified  of  dealing  with  problems  that  still  pose  substantial  risk  for  which 
truly  effective  countermeasures  have  not  yet  been  developed.  Organizations  and  institutions 
with  the  capability  of  solving  the  problems  will  be  identified,  and  possible  arrangements  to 
ensure  resolution  will  be  explored. 

3.  Task  3  -  Technical  Options.  Principal  methods  to  characterize  the  nature  of  emergencies  and 
to  identify  the  technical  basis  for  needed  countermeasures  will  be  reviewed.  The  effectiveness 
of  these  actions  will  be  evaluated,  and  needs  for  improved  response  actions  will  be  identified. 
Resources  will  be  evaluated  in  the  context  of  current  (tr  potential  availability  to  local 
emergency  teams  and  capabilities  of  FEMA  to  coordinate  access  to  resources.  Existing  and 
potential  new  approaches  to  reducing  risks  and  consequences  will  be  considered.  Approaches 
will  include  warning  systems  (technologies),  data  bases  (such  as  CHEMTREC),  training  and 
safety  programs,  emergency  plans,  and  so  forth.  In  particular,  needs  for  new  approaches  and 
opportunities  for  FEMA  will  be  highlighted. 

Task  I  (Sects.  1  through  3)  is  divided  into  sections  describing  the  nature  of  some  of  the  major 
airborne  disasters  that  have  occurred  recently  and  have  served  as  a  catalyst  fi^r  the  current  study. 
Accident  frequency  and  severity  statistics  arc  divided  into  transportation  and  prtKcssing  sectors.  The 
former  is  further  subdivided  into  the  various  transportation  modes  such  as  rail,  truck,  air,  and  ship. 
The  processing  category  includes  actual  processing  and  storage.  Task  II  (Sects.  4  through  9) 
provides  an  overview  of  the  existing  statutory  and  regulatory  responsibilities  of  federal,  state,  and 
local  agencies  with  respect  to  emergency  response  to  haz.ardous  chemical  releases.  Overlaps  and 
gaps  of  the  responsibilities  of  the  various  agencies  arc  summarized.  Also,  the  activities  of  private 
organizations  and  trade  groups  are  identified,  and  their  relationship  to  current  governmental 
activities  is  described.  The  intent  of  Task  11  is  to  provide  FEMA  with  a  current  overview  of  these 
responsibilities  and  activities,  which  will  assist  in  the  determination  of  appropriate  roles  for  FEMA 
and  other  federal  agencies  in  this  area.  To  provide  a  framework  for  the  wide  range  of  emergency 
response  responsibilities,  we  have  divided  them  into  the  following  categories:  prevention,  planning. 
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response,  and  training. 

Task  III  (Sects.  10  through  18)  reviews  the  principal  methods  to  eharaeteri/.c  the  nature  of 
emergencies  and  defines  a  technical  basis  for  the  countermeasures  that  are  currently  available,  under 
deselopment,  or  projected  as  future  approaches.  An  evaluation  of  these  countermeasures  is 
developed,  and  requirements  for  improved  response  actions  are  summarized.  Also,  existing  and 
potential  new  approaches  to  reducing  the  risks  and  prevention  of  hazardous  chemical  releases  are 
included.  In  particular,  the  need  for  new  technical  approaches  that  present  opportunities  for  FEMA 
programs  is  emphasized.  Task  II  deals  with  the  development  rT  the  methodology  for  ranking 
chemical  hazards  (Sect.  16).  TTie  principal  factors  include  ixpeand  intensity  of  hazard  (toxicity,  fire, 
and  explosion)  and  the  extensise  factor  (produciirm.  location  shipments).  In  Sect.  17,  the  proposed 
methodology  is  tested  on  a  number  of  chemicals  which  were  selected  to  exhibit  a  wide  range  of 
risk.s. 

The  many  acronyms  used  in  this  document  are  identified  in  the  Glossary'  of  zXcronyms  in  Sect. 
20.  In  addition,  when  an  acronym  is  used  for  the  first  time,  the  full  term  is  also  given  in  order  to 


assist  the  reader. 
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OVERVIEW  OF  RECENT  CHEMICAL  EMERGENCIES 


Several  airborne  hazardous-chemicals  incidents  that  have  occurred  durini;  the  past  several  years 
have  I'ocussed  the  attention  of  the  public  on  preparedness  for  such  emergencies.  Perhaps  the 
gieaiest  attention  has  been  paid  to  the  disaster  at  the  Union  Carbide  plant  in  Bhopal,  India.  This 
disaster  and  other  selected  incidents  are  reviewed  here.  Our  objective  is  to  show  the  extremes  in 
the  types  of  incidents  that  can  happen.  The  Bhopal  disaster  illustrates  an  incident  where  toxicity 
was  the  causative  mechanism.  On  the  other  hand,  the  Pemex  explosion  illustrates  a  chemical 
incident  where  fire  and  explosion  were  operative.  The  release  at  Institute,  West  Virginia  clearly 
illustrates  that  there  is  cause  for  concern  in  the  United  States  as  well  as  abroad.  The  commonality 
here  is  the  sudden  victimizsttion  of  a  population  from  a  lethal  situation  against  which  they  cannot 
gain  protection.  The  extent  of  the  problem  in  the  United  States  has  been  studied  for  the  U.S. 
Environmental  Protection  Agency  (EPA),  the  results  of  which  arc  summarized  in  Sect.  We  have 
drawn  recommendations  from  these  experiences  on  different  approaches  to  prttmoting  better 
planning,  accident  avoidance,  and  loss  control. 

2.1  BHOPAL  DISASTER 

Millions  of  words  have  been  written  and  spoken  in  the  news  media  about  this  accident.  In  its 
barest  outline,  the  following  events  occurred.  Sometime  during  the  late  evening  of  Sunday, 
December  2,  1984,  the  contents  of  a  methyl  isocyanate  (MIC)  storage  tank  at  the  Union  Carbide 
India,  Limited,  pesticide  plant  in  the  center  of  Bhopal,  India,  became  dangerously  hot  because  the 
tank's  refrigeration  unit  was  not  operational.  Pre.ssure  in  the  tank  ro.se  to  an  untenable  level  at 
about  the  time  of  a  shift  change.  Shortly  after  midnight,  the  rupture  disk  on  the  tank  released  and 
remained  open  for  2  h,  allowing  40  tons  of  MIC  to  be  released  into  the  atmosphere.  The  safety 
backup  systems,  which  included  caustic  scrubbers  and  a  flare,  were  not  functional  at  the  time.  The 
vapor  release  covered  a  heavily  populated  slum  area  of  the  city,  killing  2000  to  .^0(K)  pettple  and 
seriously  injuring  20,0(X)  others.  Approximately  200,(KX)  of  the  city’s  800, ooo  inhabitants  were 
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affected  by  the  release. 

Ineestigation  into  the  incident  has  been  widespread  and  has  included  Indian  federal  and  state 
gtnernment  studies,  a  company  investigation,  and  a  number  of  independent  inquiries.  Since  the 
accident  is  still  in  litigation,  the  plant  personnel  closest  to  the  scene  are  prohibited  from  discussing 
the  details;  however,  the  hypotheses  that  have  been  presented  to  date  paint  a  picture  of  plant 
operation  which,  at  best,  could  be  described  as  lax. 

If  any  one  of  the  following  five  safety  devices  had  been  functional,  the  disaster  would  have  been 
averted: 

1.  There  appeared  to  be  a  great  deal  of  water  in  the  storage  tank.  Its  source  is  unknown,  but  it 

is  a  major  goal  of  the  proce.ss  to  keep  the  MIC  anhydrous.  Without  water,  the  reaction  would 
not  have  been  initiated  and  the  disaster  would  not  hace  occurred. 

2.  TTie  refrigeration  unit  that  is  used  to  keep  the  MIC  in  the  storage  tank  below  a  temperature 
where  it  is  reactive  was  not  functional  and  had  not  been  for  months.  With  refrigeration,  the 
reaction  would  have  been  too  slow  to  cause  any  problem,  even  with  water  present  in  the 
system. 

?>.  Alarms  that  would  have  alerted  operators  to  the  problem  either  did  not  function  or  were 
ignored.  Temperatures  in  the  tank  were  observed,  but  the  critical  time  in  the  temperature  rise 
occurred  at  a  shift  change  so  it  was  not  sufficiently  well  followed. 

4.  The  caustic  scrubber,  which  is  an  cmergcnc7  device  u.scd  to  absorb  relca.sed  MIC,  could  not  be 

made  to  function  from  the  control  room.  The  caustic  feed  pump  required  on-site  activation, 
which  was  not  done.  An  operational  scrubber  would  have  eliminated  the  release. 

5.  The  release  was  vented  through  a  vent  pipe  which  is  equipped  with  a  flare.  The  flare  was 
undergoing  maintenance  at  the  time  of  the  disaster;  if  it  had  been  functional,  no  disaster  would 
have  occurred. 

If  the  above-mentioned  items  are  indeed  facts,  one  can  only  conclude  that  the  management 
personnel  were  either  derelict  in  their  duty  or  very  ill-trained  for  their  jobs. 


The  lessens  lo  he  learned  I'roni  this  incident  arc  ven,’  fundamental.  First,  maintenance  of  safety 
equipment  is  an  absolute  necessity.  Second,  training  of  the  personnel  in  the  handling  of 
emergencies  is  a  necessary  part  of  the  job.  Evening  and  night  shifts  require  engineering  staff  in 
plants  where  airbrune  disasters  are  a  possibility. 

:.2  PEMEX  DISASTER 

On  November  19,  1984,  a  natural  gas  explosion  occurred  at  San  Juan  Ixhuatepec,  a  suburb  of 
Mexico  City,  which  caused  the  deaths  of  5(K)  people  and  injured  25()0  others.  Approximately 
2(X),()(X)  persons  were  left  homeless.  The  plant  in  question  was  a  liquefied  petroleum  gas  plant  and 
distribution  center.  A  leaking  truck  at  the  distribution  center  was  apparently  ignited  either  by  the 
flare  or  a  welder’s  torch.  The  fire  heated  the  nearbv  storage  vessels,  of  which  12  subsequently  burst, 
adding  enormously  to  the  conflagration  in  a  plant  which  was  not  laid  out  with  a  view  to  preventing 
the  spread  of  such  disasters.  As  in  Bhopal,  a  "shanty  town"  had  grown  up  next  to  the  plant,  a 
situation  that  added  greatly  to  the  casualties.  As  has  been  the  case  in  a  number  of  instances,  a 
population  has  exposed  itself  to  a  hazardous  situation  subsequent  to  the  locating  of  a  plant  in  a 
remote  area. 

In  this  case  the  airborne  release  it.self  was  not  lethal;  it  was  the  potential  (or,  actually,  the 
realization  of  the  potential)  an  explosion  which  caused  the  disaster.  This  .sort  of  threat  is  readily 
distinguishable  from  the  case  of  a  poi.sonous  gas  release.  It  is  important  to  note  that  a  gas 
explosion  is  an  even  more  rapidly  developing  situation  than  the  exposure  to  a  lethal  gas.  Hence, 
the  precautions  that  arc  necessary  in  such  ca.sc.s  fall  entirely  upon  the  operators  of  the  production 
or  storage  facility.  Becau.se  of  the  quantities  of  materials  invtdved  and  the  diversity  of  locations  in 
which  explosive  materials  (such  as  liquefied  natural  gas)  are  stored,  this  is  a  very  significant 


concern. 
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iNt'iDi;N  ['  at  insthi  i  i:,  \vi  sr  viRCiisiA 

On  Auuu'-t  11,  RJS.s,  I'njon  (  arhiJc  •'UUVrcd  another  gas  leak,  this  lime  al  ils  plant  loeated  in 
Insiiiute,  West  k'irginia.  .Again,  a  pestieide  preeursur  laeiliiy  was  in%('l\ed.  riiis  time,  a  .•'(XHl-gal 
^essel  eoniaining  5(K)  gal  of  aldeearh  oxime,  dissolved  in  methylene  ehlonde,  was  the  souree  ol  the 
release.  Steam  was  pipied  to  the  jaeket  surrounding  the  vessel.  The  pressure  inerease  eaus^d  in  the 
highly  xolatile  methylene  ehloride  initiated  a  series  of  releases,  whieh  ineluded  the  saletx  \al\e  to 
the  serubber  and  Hare  systems  and  throe  gaskets  on  the  ports  to  the  tank.  The  lailure  of  a  rupture 
disk  on  the  serubber  and  Hare  systetn  eaused  much  of  the  gas  to  be  released  to  the  atmosphere. 
The  eloud  drilled  oxer  the  plant  boundary  into  a  residential  neighborhood.  (3xerall.  I.'.s  people 
xxere  exposed  and  were  treated  tor  exe,  throat,  and  lung  irritation.  The  lank  xxas  part  ol  a 
temporary  aldeearb  system  originally  built  for  other  purposes  and  was  being  phased  out  al  the  lime 
of  the  aceident.  It  was  replaced  by  a  new,  larger  system  which  was  in  startup  al  the  lime  of  the 
-leeideni.  With  this  aceident  as  with  Bhopal,  multiple  safety  nets  failed  or  were  in  ill  repair.  The 
firSUnving  are  the  concerns: 

1.  Why  did  the  safety  xalxe  on  the  Hare  system  fail  after  the  port  gaskets? 

1.  Why  did  the  rupture  disk  hurst  on  the  llare-scrubber  system? 

Why  was  the  water  spray  system  around  the  lank  insufficient  to  contain  the  leak  ’ 

4,  Why  did  Carbide  personnel  wait  20  min  before  alerting  the  community? 

The  response  to  the  last  question  is  the  Carbide  personnel  relied  on  the  Safer  computerized 
dispersion-modeling  system  to  predict  whether  the  release  would  affect  the  community  A  faulty 
prediction  that  the  cloud  would  not  be  dangerous  beyond  the  plant  gates  led  to  the  delay  of 
notification.  It  was  subsequently  revealed  that  (1)  no  constants  for  aldeearb  oxime  were  included 
in  the  program's  data  base  and  (2)  insufficient  data  were  available  on  the  effects  of  exposure  to 
aldeearb  oxime. 


In  this  case,  more  safely  and  health  information,  as  well  as  greater  attention  to  details  ol 
maintenance  and  operation,  would  have  completely  averted  this  disaster.  Union  Carbide  was 


Mihscqucnily  I'ltcJ  h\  iIk'  I 'i'[vu  uni'ni  o!  1  jhur  Uir  "uilirul  \i()kiU('in.s"  iif  ho:ilih  and  safcu  standard--. 

Ih-Hisands  ol  other  eheniical  incidents  have  I'eeurred  over  the  years.  Most  h;i\e  not  been  as 
dr-imatie  nor  have  most  e.iused  any  injure,  hut  the  |iotential  lor  major  disasters  is  tiKvays  present. 
I'herelore,  we  must  plan  U'r  niinimi/atnui  ol  the  elTeels  of  the  unavoidable  lew  that  occur. 

2,4  ACU  I  H  HA/  ARDOI  S  bA  FN'I'S  DA  TA  BASE 

■As  a  response  to  concerns  about  the  -sal'cty  ol'  the  domestic  chemical  industI^  raised  bv  the 
[Miojial  disaster,  the  Otiice  ol  Toxic  Sub.  tances  ol  the  L'.S.  EPA  commissioned  a  studv  of  the  nature 
and  extent  of  incidents  ol  tiecidental  chemical  reletises  in  the  L'nited  States.  The  resulting  repcirt, 
’.Acute  H;i/;trdous  Events  Dai.a  B.ise”  (f'P.A  5b(l-5-.S5-()2'))  slatisticalK'  reviews  b‘>2S  separate  events 
that  were  reported  between  l‘tS(i  and  I'TSS.  The  t'bjective  was  to  characteri/e  the  ivpes  (vf  events 
relettsing  ticutely  toxic  substattces,  the  substances  involved,  and  the  factors  leading  to  the  tiirborne 
releases. 

The  events  recorded  come  from  reports  m;ide  to  two  federal  offices,  five  offices  within  four  state 
governments,  one  engineering  firm's  collection  of  event  reports,  and  five  electronic  or  print  media 
sources.  Most  of  the  sources  did  not  cover  the  entire  19K()-iS5  period  and  did  not  include  69'“;  of 
the  records  from  the  19<S.'^-S4  jicriod.  The  AIIE  Data  Base  is  best  characteri/cd  as  a  partial  listing 
ol  accidenial  chemical  releases,  btised  on  an  informal  sampling  of  public,  readily  available  data 
sources. 

About  4IS.7  X  Kf  lb  of  various  chemicals  were  among  the  events  in  the  study  released.  About 
25' f  of  the  records  tailed  to  indicate  "  quantity  released  In  all,  2(K)  substances  were  involved  with 
events  in  which  there  were  reported  casualties,  with  25'r  of  these  being  attributable  lo  high-vtvlume 
inorganic  chemictils  (chlorine,  ammonia,  hydrochloric  acid,  and  sulfuric  ac'd).  Another  of  the 
events  with  report  d  cxisualties  were  associated  with  the  release  of  industrial  organic  chemicals. 

It  ..as  concluded  that  neither  high  toxicity  nor  large  qutintities  alone  c;in  create  conditions  for 
human  casualties.  In  the  events  reported,  most  injuries  were  the  result  of  toxicitv.  while  most  deaths 
were  caused  by  fire  ;ind  explosion.  However,  it  is  obvious  that  :i  single  FJhopal  disaster  would  skew 
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this  in  the  other  direction. 

Transportation  releases  account  for  25'}  of  the  incidents  in  the  AHE  and  33'’T  of  the  casualties. 
The  leading  causes  of  transportation  releases  are  leaks  (3<S'''f)  and  collisions  (ZOT).  As  expected, 
trucking  incidents  account  for  more  than  half  of  the  recorded  events,  while  rail  cars  contribute  38%. 
hpelines  rept'rt  lew  even's,  but  the  quantities  involved  in  each  case  are  very  much  larger  than  other 
transportation  incidents. 

In  fixed  facilities,  spills  (70%).  and  vapor  relca.ses  (25%)  occur  more  frequently  than  fires  and 
explosions  (5'}  or  le.ss).  Equipment  failure  and  operator  error  are  the  most  frequently  reported 
causes.  Processing  vessels,  storage  facilities,  and  the  piping  systems  of  plants  contribute  roughly 
equally  in  terms  of  frequency  of  incidents.  Because  of  the  quantities  of  materials  kept  in  storage 
areas,  these  are  generally  responsible  for  the  largest  releases. 

It  is  evident  from  the  diversity  of  industry  and  transportation  in  the  United  States  that  there 
is  a  very  large  potential  for  disasters  of  the  Bhopal  or  Pemex  types.  It  should  be  added  that  these 
incidents,  for  the  mo>t  part,  clearly  point  to  the  need  for  greater  vigilance.  Given  the  enormous 
potential  for  transportation  incidents,  no  community  of  any  si/c  can  ignore  this  potential  .source  of 
disaster.  Although  communities  with  chemical  plants  have  an  added  danger,  this  danger  is 
compensated  for  by  the  existence  of  expertise  in  the  community.  The  AHE  data  base  provides  an 
excellent  source  of  information  on  which  to  ba.se  tests  of  our  criterion. 
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3  RELATIVE  ACCIDENT  EREQUENCIES  AND  SEVERITY 

There  is  reasonable  agreement  that  the  development  of  a  preliminary  hazards  analysis  is 
mandatory  as  a  prerequisite  to  eommunity  planning  for  hazardous  ehemieals  emergencies.  However, 
such  a  task  requires  that  the  principal  hazards  be  identified  and  assessed  with  respect  to  the 
chemical  properties,  source,  and  potential  quantities  of  materials  rclea.sed,  demographic  factors  such 
as  nearby  population,  average  weather  conditions,  and  probabilities  of  release  from  various  sources 
based  on  historical  data.  This  section  presents  an  overview  of  recent  information  concerned  with 
the  relative  frequencies  and  severity  of  hazardous  chemical  accidents. 

3.1  RELATIVE  ACCIDENT  FREQUENCY  BY  SECTOR 

Zaccor’  analyzed  release  frequencies  for  the  various  sectors  shown  in  Table  1,  which  were  based 
on  ERA  data  collected  between  1967  and  June  197.3.'  More  recent  information  for  the  period 
1980-1985  as  was  developed  for  ERA,  the  Acute  Hazardous  Events  (AHE)  Data  Base,  is  also 
tabulated  by  sector  in  Table  1.^  This  information  may  indicate  a  shift  in  frequcnc7  from 
transportation  events  to  in-plant  events,  but  the  two  data  sets  used  had  different  underlying  sample 
frames  and  selection  criteria  so  that  a  direct  comparison  of  the  results  is  unwarranted. 2Laccor  also 
tabulated  the  transportation  data  by  transport  mode  as  shown  in  Table  2.  Highway  events  dominate 
the  total  number  of  events,  but  published  frequency  data  per  mile  per  vehicle  indicate  only  a  slightly 
higher  highway  rate."*  This  is  probably  due  to  a  lower  number  of  railway  miles  traveled  per  shipment 
as  compared  with  highway  shipments. 

Caution  should  be  used  in  utilizing  these  data  for  other  than  qualitative  purposes  since  the 
requirements  for  reporting  events  in  the  transportation  sector  arc  very  stringent;  therefore,  the  data 
may  not  reflect  numerous  incidents  that  occurred  in  industrial  plants.  The  decrease  in 
transportation  percentages  for  the  1980-1985  ERA  data  shown  in  Table  1  may  be  an  indication  of 
this  bias  since  reporting  requirements  have  been  tightened  recently  by  the  Comprehensive 
Environmental  Response,  Compen.sation  and  Liability  Act  (CERCLA)  of  1980.  Also,  not  all  the 


Table  1 


Freqt,ieiic V  of  release  of  hazardous  materials  by  sector 


S  c-  c  t  o  r 

Percent  of 

total  events 

(1967-19731 

Percent  of 

total  events 
( 1980-1985) 

Transportation 

57 

25 

Loading/unloading 

25 

In-plant  processing 

10 

75 

In-plant  storage 

8 

Total  events 

1941 

6928 

Table  2.  Release  of  hazardous  materials  release  by  transport  mode 


Transport  sector 


Percent  of 
total  events 
(1967-19731 


Accident  frequency 
(per  mile  per  vehicle  - ' 


H  ighvay 

90 

2  .  5 

X 

10-6 

Rail 

9 

1  .  5 

X 

10-6 

A  i  r 

0.8 

1.0 

X 

10-8 

'Ta  te  r 

0.2 

Pi  pel ine 

low 
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reported  events  during  the  indieated  periods  were  ineluded  in  either  set  of  data;  thus,  the  results 
dll  not  represent  a  eomplete  picture  of  chemical  accidents  during  the  indicated  time  frames. 
Further,  the  two  studies  used  different  groups  of  data  sources,  so  there  may  be  systematic  bases 
toward  events  from  fi.xed  facilities  or  from  transportation  accidents. 

3.2  RELATIVE  ACCIDENT  SEVERITY  BY  SECTOR 

An  analysis  of  event  severity  from  the  EPA  data  indicates  that  the  transportation  sector  does 
not  dominate  the  severity  data.  Table  3  indicates  the  relative  severity  (as  described  in  the  table) 
as  a  function  of  the  sector.  Ranking  of  the  "hazard  potential"  for  the  data  in  the  1967-1973  EPA 
data'  indicated  that  the  sector  order  for  decreasing  risk  was  reversed  (storage,  processing, 
transportation)  when  compared  with  the  frequency  rating  in  Table  1.  The  later  EPA  data 
(1930-1985)'  confirm  this  trend,  as  shown  in  Table  4.  The  average  release  from  storage  vessels  is 
far  greater  than  that  from  process  -  or  in-transit-related  events  (except  pipeline  events  that  were  not 
specitically  listed  in  the  1967-1973  data).  Reasons  for  the  excess  storage  vessel  hazard 
probablyinclude  the  larger  quantities  of  hazardous  materials  stored  and  lower  levels  of  operator 
attention  to  the  stored  materials  as  compared  with  the  surveillance  during  normal  processing  and 
iruck/train  transport.  These  were  significant  factors  in  the  release  of  methyl-isocyanate  during  the 
Bhopal  disaster  in  1985  (see  Sect.  2). 

3.3  RELATIVE  ACCIDENT  FREQUENCIES  AND  SEVERITY  BY  HAZARDOUS  CHEMICAL 

Table  5  indicates  the  frequency  data  and  quantities  released  for  the  most  important  18 

chemicals  arranged  in  terms  of  decreasing  number  of  events  for  the  period  1980-1985;  also  included 
are  frequency  data  for  15  other  selected  hazardous  chemicals.  Although  PCBs  head  the  list,  they 
were  not  responsible  for  the  greatest  number  of  events  where  injuries  were  reported  (and  none  of 
the  PCB  records  had  a  reported  fatality).  Chlorine  is  the  major  hazard  in  this  area,  followed  by 
anhydrous  ammonia,  hydrochloric  acid,  and  sulfuric  acid.  Surprisingly,  the  average  quantities  of 
chlorine  released  per  event  are  low  (.3(X)  to  4(X)  lb  per  ev’ent).  Note  that  the  data  in  Table  5  should 


14 


Table  3.  Ranking  of  operational  areas  by  sever i ty - hazard  potential 

(1967-1973  data) 


Se  t  tor 

Mean  hazard  potential^ 

[  n  -  M 

1  .  .  j. 

[ai!t  storage 

4.58 

-  V‘  . 

l,ii!t  process 

4 . 18 

h:  :  t 

i  ^ 

2  .  88 

I.oad  : 

i  :ig/unloading 

2  .  31 

'ilazard  potential  is  a  function  of  the  quantity  of  the  material  spilled  and 
tl'.e  relritivo  hazard  level  (RHL)  of  the  substance  as  determined  by  its  toxicitv. 
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Fahle  4.  t'requena  and  release  of  ha/ardoii 
(  P)S()-|i)S5  data) 

s  elieiiiieals  hy  seeior 

l-'sliniated 

f£siimated 

Esimialed 

1  weals 

lui  Ill  her 

aniouni 

Es  I  ini  a  led 

median 

(if 

Released 

Mean  aiiiouiit 

a  nil  HI  III 

esenis 

(X  ur  Ih) 

(Ih'eveiii ) 

( Ih  week ) 

In-Planl  l.iieaiidn 

Piiiee^''  xe'-sels 

52') 

1 1. 7 

22,100 

420 

SU'iaee  senseis 

7')4 

520.0 

405,1 )()() 

2.01 10 

\  al\eN  pi|ies 

S.S4 

9.0 

10.200 

1,200 

Ollier  loealidiis 

1 25ri 

27.5 

22.200 

55 

Tdial 

4l  14 

570.5 

')(),()( HI 

140 

lii-Transii  Mode 

Traeks 

'•4S 

7.6 

10.200 

710 

RailriKKls 

25<S 

7.0 

27,100 

410 

F^ipelines 

52 

25.7 

.S05,100 

6., SI  10 

Baree 

29 

5.5 

1 15,. SOI) 

250 

Ollier  nil  ides 

26 

0.05 

1,200 

100 

'I'lilal 

UI94 

45.65 

.59,900 

460 

Tiilal  (all  seeliirs) 

5207 

4 1. 5.95 

79,500 

520 

H\cnls  where  release  quanlilies  were  reporled. 
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be  inlet [Hcicd  c. union.  Nanicl\.  the  e\cnts  ■'Uiniiiai i/ed  arc  lr('ni  ;i  partial,  inrorinal  sampling 

>>i  c\c^I^  Irom  the  ptS()-,S5  period,  d'ho  qii.intities  released  are  id’ten  ;ippri'.\im;itions  in  the  AHE, 
.ir.d  ..  .  '.>1  t.l:  reet'td  not  itt.’.ude  es*,.i.a'.*,-»  vd  t‘'j  ^u,iiitr.,^s  i<,is,i>ed. 

The  relationship  between  the  annual  prirduei  m  rates  c'f  the  eheniieals  listed  in  Table  5  and  the 
number  id  releases  is  of  interest  in  the  deselopment  of  a  hazards  amilNsis.  Figure  I  indicates  the 
Irequenev  ol  release  as  a  lunetion  of  annu.il  p'oduetion  for  dX  id  these  chemicals.  The  data  do  not 
sliow  a  good  correlation  (correlation  eoelfieient  =  tfX.').  but  they  do  indieale  a  trend  toward 
increased  releases  for  the  heas\  tonnage  chemical  production.  They  also  show  a  significant  number 
ol  releases  at  produclu'n  rales  (d'  less  than  1  billion  lb  per  \ear  for  1 1  .S,  leirachli'roethylene,  SO,, 


.ii'.d  niethcl  chloride. 


f'lgure  2  indicates  the  quantities  of  the  top  17  chemicals  (based  on  eceiits)  released  as  a 
dinction  td  their  annual  production  rates  in  19S4.  Again,  the  data  indicate  a  trend  toward  greater 
cpiantities  released  at  higher  production  rales,  hut  the  correkition  is  not  significant  (correlation 
coefficient  =  0.4,7).  A  ratio  which  assumes  that  the  release  quantities  reported  in  Tabic  5 
appro.simate  the  total  releases  experienced  during  the  19X0-19X5  period  indicates  that  between  3 
and  '.'(I  tons  of  these  chemicals  were  manufactured  per  pound  of  chcmictil  reletised  during  the 
period. 


.3.4  EVENTS  INVOLVING  DEATH  OR  INJURY 

The  data  from  the  19X0-19X5  EPA  data  base  indicate  that  death  or  injure  was  reported  for  6.8% 
of  all  the  events  and  in  0.90  of  all  the  events  one  or  more  fatalities  were  reported.  The  total 
number  of  reported  injuries  was  4717.  with  an  avertige  per  injuiy  dettth  e\enl  of  10.  The  total 
number  of  deaths  reported  was  1.3X,  and  the  average  death  per  event  was  2  (range  =  1  to  11).  The 
earlier  (196X197.3)  data  indicate  an  average  injury  per  injury, death  event  of  ,3.3  and  an  average 
dettth  death  event  of  1.3.  This  may  be  an  indication  of  increasing  severity  of  events,  underreporting 
of  hazardous  incidents,  or  the  different  sampling  frames  for  the  data  sets.  Fires  and  explosions 
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Tabli'  D.  Ha.aririloiis  chemical  releases  during  198(.)-198b 
( 1984  production  quantities) 


il.K-.ardous 

clu'iri  i  cal 

D  a  t  a 
po  i  nf’ 

1984 

U  S.  Production 
(10-  Ib/vear) 

Number  of 
releases 

Quant i tv 
released 
(lb) 

1590 

1  .  204 , 448 

au  1  i M:  i  (.■  ac  id 

1 

8  3 . 6 

453 

3,987,  566 

A:r;:;o:i  i  a 

) 

33.4 

258 

2,756,031 

'  'h  1  n  r  i  I'.e 

3 

21.4 

24  5 

80 , 89  7 

■'.'.a! ’.Mail  1  o  r  i  c  ac  i  d 

A 

5  .  5 

213 

3,046 , 381 

Sad  ;  air  h.vdroxide 

3 

21.8 

181 

12 ,0;)8  ,177 

.'le ;  hano  1 

r 

•J 

8 . 2 

115 

2  ,  883 , 82  3 

Si  trie  acid 

i 

13.3 

115 

3.9  39, 9  74 

Mcaii-.’l  chloride 

8 

0 . 4 

98 

70,214 

To  1 '  u-r.e 

9 

5.3 

95 

4 ,820,8s 7 

'.’in'.'l  chloride 

’  i'\ 

L 

6.1 

79 

200,812 

Plio.sphor  i  c  acid 

11 

22.7 

72 

5  30 ,6  80 

Bc-n;-.ene 

12 

9.7 

65 

6  7  7  ,45  0 

F.t  h'.-  Leiie  d  i  chloride 

1  3 

10.7 

63 

676  ,  345 

S  t r  f-  n  e 

14 

7  .  7 

62 

251  ,130 

hvdror.en  sulfide 

13 

1 

58 

128,488 

Te  t  r<u'h  1  oroc  thvlene 

16 

0.6 

50 

770,858 

Sulfi.ir  dioxide 

17 

0.4 

46 

898 , 668 

F.rlivlene  oxide 

18 

5.2 

27 

b 

’.'invl  acetate 

19 

2.0 

21 

b 

I’ho.s  gc-ne 

20 

1.5 

14 

b 

Ih.'drogen  evanide 

21 

0.7 

12 

b 

.'■I c- 1 1 1 V 1  me  r  c  apt  a  n 

22 

0.005 

8 

b 

'7h  1 0  r  dane 

2  3 

0.006 

6 

b 

.MIBK  solvent 

24 

0.2 

4 

b 

.-\c  ro  lei  n 

23 

0.07 

2 

b 

F.p  i  cli  1  0  rohvdr  i  n 

26 

0.36 

2 

b 

Methvl  isoevanate 

27 

0.04 

1 

b 

F  luor  i  nc- 

28 

0.01 

1 

b 

'Please  see  Figs.  1  and  2. 

'Inflicntes  release  quantities  not  tabulated  in  ref.  3. 
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Fig.  2.  Quantity  of  various  chemicals  released  1980-1985. 


predominate  as  the  cause  of  death,  while  toxic  exposure  by  spill  or  vapor  release  was  nearly  always 
associated  with  injuries.  Representative  chemicals  where  toxicity  caused  injuries  included  ammonia, 
chlorine,  hydrochloric  acid,  phosgene,  and  nitric  acid.  For  deaths  in  which  fire  and  explosion  were 
apparently  the  main  cause,  representative  chemicals  were  chlorine,  gasoline,  oil  and  propane.  No 
attempt  was  made  in  the  ERA  data  ba.se  to  develop  a  fatal  accident  frequency  rate  but  Ozog'’ 
reports  a  value  of  4  for  the  chemical  processing  industry  and  a  recommended  value  of  0.4  for  new 
chemical  facilities.  This  rate  rcprc.scnts  the  number  of  fatal  accidents  in  a  group  of  UXX)  persons 
over  an  aggregate  working  lifetime  of  10*  h. 
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4  CURRENT  RESPONSIBILITIES 

The  results  from  Task  2  in  the  work  statement  (Sect.  1.0),  which  cosers  current  responsibilities, 
arc  numbered  in  sects.  4  to  10.  They  provide  an  oversiew'  of  the  existing  si.iiuiory  and  regulatory 
responsibilities  of  federal,  state,  and  local  agencies  with  respect  to  countermeasures  to  hazardous 
chemical  releases.  Overlaps  and  gaps  of  the  responsibilities  of  the  various  agencies  are  summarized 
in  Sect  10  .Also,  the  activities  of  private  organizations  and  trade  groups  are  identified  and  their 
relationship  to  current  governmental  activities  are  described  in  Sect.  8. 

To  provide  a  framewotk  for  the  wide  range  ttf  emergency  response  responsibilities,  we  have 
divided  them  into  the  tollowing  categories:  prevention,  planning,  response,  tind  training. 

4.1  PREVENTION 

Prevention  of  hazardous  materials  (hazmat)  releases  is  primarily  the  resp'msibility  of  the 
management  of  fixed  production,  storage,  or  conversion  facilities  or  the  owner/operators  of  vehicles 
that  transport  these  materials. 

Statutes  for  tb"  regulation  of  the  fixed  facilities  with  respect  to  release  prevention  have  only 
recently  been  promulgated  by  several  states.  However,  a  comprehensive  set  of  federal  and  state 
regulations  arc  in  force  for  the  transport  of  hazmats.  Federal  and  state  statutes  are  discussed  in 
Sect.  5. 

4.2  PLANNING 

Probably  one  of  the  most  important  aspects  of  emergency  response  mitigation  is  concerned  with 
the  planning  for  po.ssible  events  at  all  levels  of  government  (fcdcral/statc  and  local).  Past 
experiences  have  demonstrated  that  poor  or  inadequate  planning  for  hazmat  emergencies  has  led 
to  disastrous  consequences  in  terms  of  lives  lost,  injuries  sustained,  and  property  damage.  The 
disaster  in  Waverly,  Tcnnc.ssec,  in  1978,  where  an  ineffective  evacuation  was  attempted,  is  a  good 
example  of  this.^  After  the  Bhopal  disaster,  it  became  very  apparent  that  adequate  planning  is 
essential;  as  a  result,  several  federal  and  private  organizations  have  developed  guidance  documents 
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for  community  planning.  Recently,  new  federal  and  state  statutes  have  been  enacted  which  require 
planning  for  ha/mat  emergencies  at  all  levels  of  government.  Descriptions  of  these  activities  and 
statutes  are  included  in  Sects.  5.7  and  5.9. 

4..^  RESPONSE 

Responsibility  for  emergency  response  to  ha/mat  air  relca.ses  almost  always  resides  at  the  local 
level.  For  events  such  as  the  Bhopal  disaster,  the  duration  is  usually  only  a  few  hours  and  sufficient 
time  to  activate  state  or  federal  agcnc7  support  teams  is  not  available.  Therefore,  the  roles  of  the 
state  and  federal  governments  are  primarily  in  the  areas  of  prcparedncs.s/planning,  training,  technical 
assistance,  information  exchange,  and  provision  of  proper  support  such  that  communities  are 
prepared  for  these  emergencies.  A  summary  of  the  operational  support  available  at  all  levels  of 
government,  as  well  as  from  industrial  and  private  organizations,  is  included. 

4.4  TRAINING 

Training  for  personnel  to  respond  to  haz.mat  emergencies  is  available  through  federal,  state  and 
local  government  agencies,  and  private  training  vendors.  These  activities  are  directed  toward  all 
response  levels  from  "first  responder"  through  management  of  emergency  organizations.  An 
overview  of  training  activities  is  included  with  this  study,  and  problems  with  the  current  system  are 
identified  (see  Sect.  10.4) 


5  FEDERAL  AND  STATE  STATUTES  FOR  HAZARDOUS  MATERIALS 


The  major  federal  statutes  that  impact  ha/ardou..  materials  response  are  the:  1.  Clean  Water 
Act  (CWA), 

2.  Hazardous  Materials  Transportation  Act  (HMTA), 

3.  Clean  Air  Act, 

4.  Toxic  Substance  Control  Act  (TSCA), 

5.  Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  (CERCLA), 

6.  Resource  Compensation  and  Recovery  Act  (RCRA), 

7.  Superfund  Reauthorization  (SARA),  and 

S.  Occupational  Safety  and  Health  Act. 

7Tic.se  statutes,  along  with  several  recent  state  statutes,  are  de.scribed  brielly  in  the  following 
sections. 

5.1  CLEAN  WATER  ACT  (CWA)  OF  1977 

TTic  Clean  Water  Act  (CWA)  of  1977  was  passed  by  Congress  in  response  to  the  deficiencies 
in  the  amendments  (PL  92-5(X))  to  the  1972  Water  Pollution  Control  Act  (FWPCA).  TTie  act 
amends  the  FWPCA  with  respect  to  discharges  of  hazardous  substances  and  a  listing  of  those 
substances  (40  CFR  116).  In  regulation  40  CFR  117,  the  reportable  quantities  for  each  haz.ardous 
substance  listed  arc  tabulated.  This  regulation  applies  to  quantities  equal  to,  or  in  excess  of,  the 
reportable  quantities  discharged  to  navigable  waters  in  the  United  States  or  its  adjoining  shoreline. 
Each  hazardous  substance  is  categorized  by  a  letter  code  (X,  A,  B,  C,  or  D)  a.ssociatcd  with 
reportable  quantities  of  1,  10,  100,  1000,  and  5000  lb,  respectively.  The  act  provides  that  discharges 
from  a  vessel,  onshore  or  offshore  facilities  equal  to  or  in  excess  of  the  reportable  quantities  during 
a  24-h  period,  should  be  reported  immediately  to  the  appropriate  agency  of  the  federal  government. 
It  also  specifies  fines  for  failure  to  report  hazardous  substance  spills. 


Additional  provisions  of  the  CWA  of  interest  include  the  following; 

1.  states  were  speeifieally  mandated  prime  responsibility  for  water  quality  and  water  use; 

2.  eonstruetion  grants  and  training  assistance  for  water  treatment  were  made  available  to 
municipalities; 

3.  effective  enforcement  and  incentive  guidelines  directed  toward  achievement  of  fishable  and 
swimmable  waters  were  included;  and 

4.  extensions  to  industry  of  compliance  deadlines  under  effluent  discharge  limitations  were  defined. 

5.2  HAZARDOUS  MATERIALS  TRANSPORTATION  ACT  (HMTA) 

The  Hazardous  Materials  Transportation  Act  of  1975  (PL  93-6.3.3,  as  amended  PL  95-.363), 
which  was  signed  by  the  President  in  January  1975,  centralized  the  aulhorily  for  all  modes  of 
transportation  of  hazardous  materials  with  the  Secretary  of  Transportation.  The  regulation  governs 
safety  aspects  for  hazmat  transport  (i.e.,  packing,  repacking  handling,  labeling,  marking,  placarding, 
and  routing).  Container  regulations  covering  all  aspects  from  manufacture  to  reconditioning  and 
testing  arc  also  included,  'the  law  also  establishes  criteria  for  hazmat  handling,  such  as: 

1.  minimum  qualifications  and  training  of  personnel; 

2.  inspection  requirements; 

3.  hazmat  detection  equipment  specification;  and 

4.  safety  assurance  monitoring  procedures. 

It  also  permits  the  DOT  Secretary  to  require  registration  of  transporters  who  ship  hazmats  or  who 
manufacture  containers  for  their  shipment.  Strict  penalties,  which  includes  civil  penalties  (fines)  and 
criminal  penalties  (fines  and  imprisonment),  were  established  by  HMTA. 

A  new  N'aterials  Transportation  Board  (MTB)  was  established  by  the  DOT  Secretary  to 
coordinate  DOTs  responsibilities  for  hazmats.  Included  in  this  Board  arc  the  Office  of  Hazardous 
.Materials  Regulation  and  the  Office  of  Pipeline  Safely  Operations.  Enforcement  of  the  hazmat 
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regulations  resides  with  the  (1)  Federal  Aviation  Administration,  (2)  Federal  Highway 
Administration,  (3)  Federal  Railroad  Administration,  and  (4)  Commandant  of  the  Coast  Guard. 

Materials  undergthng  transportation  that  are  hazardous  transportation  were  defined  for  the  first 
lime  by  HMTA  as  follows: 

"A  substanee  or  material  in  a  quantity  or  form  whieh  may  pose  an  unreascmablc  risk  to  health 
and  safety  or  property  when  transported  in  commerce." 

The  Secretary  of  DOT  may  designate  what  constitutes  a  hazardous  material,  and  Title  49  CFR 
defines  the  following  materials  considered  ha/.ardous  during  transportation: 

1.  explosives, 

2.  compressed  gases, 

3.  tlammable  liquids  and  labels, 

4.  combustible  liquids  and  labels, 

5.  organic  peroxides, 

6.  oxidizing  materials, 

7.  poisons, 

8.  corrosive  materials, 

9.  ctiologic  agents  (disease-causing  microorganisms), 

10.  radioactive  materials,  and 

11.  other  regulated  materials. 

State  and  local  regulations  that  are  inconsistent  with  federal  regulations  for  transporting  haz.mats 
are  preempted. 

.T.3  CLEAN  AIR  ACT  OF  1970  AND  CLEAN  AIR  ACT  AMENDMENTS  OF  1977 

In  the  Clean  Air  Act  of  1970,  Congress  authorized  the  Environmental  Protection  Agency  (EPA) 
to  establish  the  minimum  air  quality  and  regulatory  goals  the  state  and  local  governments  were  to 
achieve.  The  EPA  was  directed  to  set  emission  standards  for  pollutants  from  new  motor  vehicles. 
Fuels  or  fuel  additives  that  would  endanger  public  health  were  to  be  contrtillcd.  The  EPA  was  also 


rccjuircd  to  publi^h  prini;ir\  ;ind  Nccondarv'  air  qualitv  ^Iandard^  lor  all  designated  ;iir  pollutants. 

In  the  Clean  Air  Amendments  ol  1^77,  new  prosisitms  were  added  t(.  prevent  significant 
deterioration  of  air  quality  (PL  This  amendment  imposes  strict  requirements  for  areas  that 

fail  to  meet  national  air  quality  standards  and  strengthened  enforcement  of  the  law,  ixirtieularly  with 
respect  to  the  pertormanee  of  new  sources  of  pollution. 

With  respect  to  the  control  of  hazardous  suhstanees,  the  most  important  procisions  are  covered 
in  Sect.  112  of  the  Clean  Air  Act.  This  section  establishes  the  National  Emission  Standards  for 
Hazardous  Air  Pollutants  (NESHAP),  which  are  those  that 

".  .  .  may  reasonably  be  anticipated  to  result  in  an  increase  in  mortality,  or  an 
increase  in  serious  irreversible,  or  incapacitating  irreversible  illness.” 

Chemicals  that  ha\e  been  listed  in  this  category  include: 

1.  asbestos, 

2.  bervllium, 

.7.  mercury, 

4.  vinyl  chloride, 

5.  benzene, 

6.  radionuclides,  and 

7.  arsenic. 

NESHAPS  are  supposed  to  be  set  at  levels  that  will  protect  public  health,  and  consideration  of  costs 
or  available  control  technology  is  not  included  in  the  provision.  However,  there  is  a  problem  in 
implementing  the  NESHAP  provisions  since  the  only  absolutely  "-afe’'  standard  fvtr  some  carcinogens 
would  be  zero  emissions,  which  would  probably  shut  down  the  producers  of  those  substtinces.  Thus, 
the  problem  becomes  one  of  benefit,  risk  analysis,  and  a  consensus  solution  has  not  vet  been  reached 


by  FePA  and  Congress. 
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5,4  TO.XIC  SUBSTANCES  CONTROL  ACT  (TSCA)  OF  1976 

The  Toxic  Suhstanccs  Control  Act  was  enacted  in  1976  in  order  to  close  gaps  in  the  federal 
gv'vcrnmcni's  authority  to  test  and  regulate  hazardous  chemicals  (PL  94-469).  Other  statutes  such 
as  the  Clean  Air  Act,  the  Federal  Water  Pollution  Act,  and  other  statutes  controlled  hazardous 
chemicals  only  when  they  entered  the  environment  as  wastes.  In  addition,  there  was  no  control  over 
the  testing  and  surseillance  of  new  chemicals  entering  the  marketplace.  Although  the  Occupational 
Safety  and  Health  Act  and  the  Consumer  Product  Safety  Act  deal  with  various  phases  of  chemical 
production  and  consumer-usage  safety,  these  statutes  do  not  contain  authority  to  prevent 
einironmental  hazards  from  toxic  substances.  Thus,  the  TSCA  was  designed  to  regulate  toxic 
substances  in  the  environment  and,  consequently,  limit  cxptwure  to  them. 

One  of  the  important  regulations  in  TSCA  is  the  Premanufacture  Notificatitm  requirement 
(PMN).  L'nder  this  rule,  a  manufacturer  must  notify  the  EPA  90  d  before  producing  a  new 
chemical.  A  "new"  chemical  is  defined  as  one  that  is  not  included  on  a  special  list  of  44,(KX) 
chemical  substances  compiled  by  Linited  Slates  chemical  companies  by  May  1979.  However, 
notification  may  even  be  required  for  chemicals  on  the  list  if  there  is  a  significant  increased  usage 
that  increases  the  risk  to  the  public.  Lipon  receiving  notification  of  a  new  chemical,  EPA  must 
publish  data  concerning  identification,  description  of  its  intended  usage,  and  descriptive  tests 
required  to  demonstrate  that  there  will  be  no  unreasonable  risk  tt>  the  public.  If  the  EPA  decides 
there  is  a  possible  risk,  the  agency  can  restrict  or  prohibit  its  production.  If  a  chemical  was  not 
added  to  the  list  by  August  1980  or  subsequently  added  under  the  PMN  process,  then  it  must 
undergo  premanufacture  review  and  testing  before  being  manufactured  in  the  Llniied  States  or 
imported. 

TSCA  also  contains  extensive  reporting  requirements  lor  manulaciurers  or  distributors  of 
chemical  substances.  This  includes  health  and  safety  studies  performed  by  the  manufacturer,  or 
known  by  the  manufacturer  to  exist.  Also,  for  a  list  of  toxic  chemicals,  manufacturers  must  report 
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production,  release,  and  exposure  data  that  will  be  used  by  the  EPA  to  determine  which  chemicals 
are  to  be  further  tested. 

5.5  COMPREHENSIVE  ENVIRONMENTAL  RESPONSE,  COMPENSATION, 

AND  LIABILITY  ACT  (CERCLA)  OF  1980 

The  Resource  Con.servation  and  Recovery  Act  of  1976  (RCRA,  see  Sect.  5.6)  was  not  complete 
in  defining  the  responsibilities  and  liabilities  concerning  hazardous  materials.  For  example,  RCRA 
did  not  establish  reporting  requirements  for  spills  of  hazardous  substances.  In  CERCLA 
(PL  96-510),  releases  or  spills  are  broadly  defined  to  cover  almost  all  types  of  discharges  of  hazmats 
to  the  air,  land,  and  water.  It  also  requires  that  the  National  Response  Center  be  notified  when 
a  release  of  a  "reportable  q  iantity"  has  occurred.  These  quantities  have  been  specified  for  a 
comprehensive  list  of  chemicals  in  terms  of  the  number  of  pounds  released,  which  must  be  reported 
and  is  dependent  on  the  relative  toxicity  of  each  chemical.  For  example,  the  reportable  quantity 
for  methylisocyanate,  which  was  the  toxic  chemical  released  at  Bhopal,  is  currently  set  at  1  lb. 

Probably  the  most  important  part  of  CERCLA  with  respect  to  hazmat  response  procedures  is 
that  concerned  with  the  National  Oil  and  Hazardous  Substances  Pollution  Contingcnc7  Plan  (40 
CFR  P  300).  This  is  generally  referred  to  as  the  National  Contingency  Plan  (NCP),  which  is 
authorized  by  several  statutes,  including  CERCLA  (42  USC  9605  Sect.  105)  and  the  CWA  (33  USC 
1321(C)(2)  Sect.  311c).  Executive  Order  12316  (46  CR  42237)  assigns  to  the  EPA  the  responsibility 
for  amendments  to  and  coordination  of  changes  to  NCP.  The  plan  covers  in  its  scope  the  release 
or  substantial  threat  of  release  of  hazmats  that  may  be  a  threat  to  the  public  health  and  welfare. 
It  specifies  the  response  action  responsibilities  among  the  federal,  state,  and  local  governments  and 
designates  appropriate  roles  for  private  organization.  Requirements  for  federal  regional  and  federal 
local  contingency  plans  for  federal  response  are  established,  and  encouragement  for  preplanning  for 
response  by  other  levels  of  government  is  suggested.  CERCLA  specifies  that  the  planning  and 
coordination  requirements  are  to  be  accompli.shcd  by  the  National  Response  Team  (NRT),  which 
consists  of  representatives  of  the  14  following  agencies:  USDA,  DOC/NOAA,  DOD,  DOE,  HHS, 


2S 

FEMA,  DOI,  DOJ,  DOL,  DOT/'RSPA,  DOT/USCG,  DOS,  EPA,  and  the  Nuclear  Regulatory 
Commission  (NRC).  When  not  activated  by  a  response  action,  the  NRT  serves  as  a  standing 
committee  to  evaluate  response  systems  and  recommend  changes  to  the  plan.  Regional  response 
activities  are  the  responsibility  of  the  Regional  Response  Teams  (RRT)  located  in  each  federal 
region  except  tor  Ala.ika,  the  Caribbean,  and  Oceania  (Hawaiian  and  Pacific  Islands)  which  have 
their  own  RRTs.  The  NRT  is  responsible  for  maintaining  national  readiness  for  response  to  hazmat 
releases  that  are  beyond  the  RRT  capabilities.  The  NRT  is  also  responsible  for  reviewing  RRT 
responses  to  releases,  developing  procedures  to  ensure  federal,  state,  and  local  government 
coordination  for  response  and  monitoring  respon.se-related  training  and  research  and  development 
activities. 

The  RRTs  provide  mechanisms  for  regional  planning  and  for  coordination  during  response 
actions.  There  arc  two  principal  components  of  each  RRT:  a  standing  team,  which  is  made  up  of 
representatives  from  each  federal,  slate  and  local  participating  agency;  and  incident-specific  teams, 
which  are  concerned  with  the  technical  and  geographical  aspects  of  hazmat  rcTca.ses.  The  standing 
RRTs  have  a  role  in  the  communications,  planning,  coordination,  training,  and  evaluation 
preparedness  on  a  region-wide  basis. 

Responsibility  for  directing  federal  fund-financed  response  efforts  at  the  scene  of  a  hazmat 
relca.se  resides  with  the  regional  on-scene  coordinators  (OSCs),  who  are  predesignated  by  the  EPA 
or  the  U.S.  Coa.st  Guard  (USCG),  except  in  the  case  of  releases  from  facilities  where  the  OSCs  will 
be  designated  by  the  DOD,  or  for  nuclear  releases  according  to  an  agreement  between  the  DOD, 
DOE,  and  FEMA.  Proposed  amendments  to  the  NCP  will  include  DOE  designation  of  an  OSC 
in  the  event  of  a  release  frmu  a  DOE  facility.  The  EPA  furnishes  the  OSC  for  inland  events,  and 
the  USCG  provides  the  OSC  for  navigable  water  for  hazmat  events.  Remedial  aetions  required  by 
hazmat  releases  arc  the  responsibility  of  the  Remedial  Project  Managers  (RPMs)  who  arc  designated 
for  the  federal  regions  or  USCG  districts.  During  response  actions,  the  members  of  the  RRT  will 
make  the  resources  of  their  agencies  available  to  the  OSC  as  specified  by  predetermined  federal. 


regional,  and  local  contingency  plans.  Duties  of  the  OSC/RPM  during  a  federal  fund-financed 
response  include: 

1.  the  establishment  of  priorities  for  protecting  the  exposed  public's  health  and  welfare; 

2.  the  collection  of  pertinent  data  concerning  the  release  such  as  the  source  causes,  nature  of  the 
materials  released,  probable  direction,  potential  impact  on  exposed  public;  and 

3.  the  identification  of  potentially  responsible  parties. 

For  federal  fund-financed  response  efforts,  the  OSC/RPM  will  direct  the  response  operations 
and  coordinate  these  efforts  with  appropriate  federal,  state,  local,  and  private  response  agencies. 
In  a  potentially  major  disaster  situation,  the  OSC/RPM  must  advise  FEMA  of  situations  potentially 
requiring  evacuation,  temporary  housing,  and  permanent  relocation.  Where  possible  public  health 
emergencies  ari.se,  the  OSC/RPM  must  notify  HHS  for  assistance  in  protecting  the  public  health  and 
on  worker  ncaltn  ana  safety  pronlems. 

Several  special  forces  and  teams  are  available  to  the  RRTs  during  hazmat  emergencies.  These 
include: 

1.  USCG  National  Strike  Force  (NSF), 

2.  EPA  Environmental  Response  Team  (ERT), 

3.  Scientific  Support  Coordinators  (SSC)  provided  by  NOAA  or  EPA,  and 

4.  public  information  teams  supplied  by  EPA  or  the  USCG. 

Incident-specific  RRTs  may  be  activated  upon  request  of  the  OSC/RPM  or  by  any  RRT 
representative.  The  NRT  may  be  activated  for  major  response  actions  that  exceed  the  capabilities 
of  the  affected  regions.  Its  actions  recommended  through  the  RRT  may  include  providing  federal, 
state,  and  local  government  resources  and  coordinating  the  supply  of  resources  to  the  affected  region 
from  other  regions  or  districts. 

The  National  Response  Center  (NRC),  located  at  the  USCG  (headquarters  -  Washington, 
D.C.),  serves  as  the  national  communications  center  for  activities  related  to  response  actions.  All 
releases  of  hazmats  equal  to  or  greater  than,  the  reportable  quantities  must  be  reported  to  the  NRC, 
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who  then  relays  the  information  to  the  regional  OSC  or  the  lead  agency  (HOCFR  300.36).  The 
NRC  also  provides  the  facilities  to  the  NRT  for  use  in  coordinating  a  national  response  when 
required. 

In  addition  to  their  emergenc7  responsibilities,  the  RRTs  must  work  with  the  states  in  which 
they  function  to  develop  federal  regional  contingency  plans  for  each  standard  federal  region,  Alaska, 
the  Caribbean,  and  Oceania.  Plans  are  to  include  information  on  facilities  and  resources  in  the 
region,  and  the  RRTs  should  coordinate  these  regional  plans  with  the  state  plans  as  well  as  federal 
local  plans.  Local  contingency  plans  are  to  be  developed  by  the  OSCs  in  consultation  with  the 
RRTs  for  each  region.  These  plans  are  to  provide  for: 

"a  well  coordinated  response  that  is  integrated  and  compatible  with  the  pollution  response, 
fire  emergency,  and  disaster  plans  of  local,  state,  and  other  nonfcdcral  entities.  The  plan 
should  identify  the  probable  locations  of  discharges  or  releases;  the  available  resources 
to  respond  to  multimedia  incidents;  where  such  resources  can  be  obtained;  waste  disposal 
methods  and  facilities  consistent  with  local  and  state  plans  developed  under  RCRA;  and 
a  local  structure  for  responding  to  discharges  and  releases." 

The  local  contingency  planning  effort  will  depend  on  the  development  of  local  capabilities  to 
respond  to  discharges  and  releases.  Thus,  the  development  of  federal  local  plans  will  depend  very 
strongly  on  the  existence  or  development  of  local  multiagency  response  teams;  and  although 
CERCLA  emphasizes  that  particular  attention  should  be  given  to  this  aspect,  the  statute  does  not 
contain  specific  procedures  for  supporting  and  assisting  local  communities  in  developing  these 
capabilities. 

5.6  RESOURCE  CONSERVATION  AND  RECOVERY  ACT  (RCRA) 

The  Resource  Conservation  and  Recovery  Act  (RCRA),  passed  by  Congress  in  1976,  focused 
on  large-scale  generators  of  ha7.ardous  wastes,  which  include  industrial  process  wastes,  chemical 
intermediates,  and  products  that  the  manufacturer  intends  to  di.scard  (PL  94-580).  The  RCRA 
includes  an  "acutely  hazardous  list"  and  a  "toxic  list"  of  generic  chemical  names.  These  lists  apply 
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only  to  chemicals  that  arc  intended  to  be'  discarded,  thus  rendering  them  hazardous  wastes.  In 
addition  to  the  listing  of  various  hazardous  chemical  wastes,  RCRA  also  specifies  characteristics 
that,  when  applied  to  a  particular  waste,  may  classify  it  as  a  hazardous  waste.  These  characteristics 
include;  ignitability,  corrosivity,  reactivity,  and  e.xtraciion  procedure  (EP)  toxicity.  Thus,  several  of 
the  characteristics  of  a  hazardous  waste  under  RCRA  would  also  apply  to  the  hazardous  materials 
under  consideration  in  this  report.  In  addition.  Sect.  7(X)3  of  the  RCRA  contains  a  provision  known 
as  the  "Imminent  Hazard  Action”  that  specifics  that  "enforcement  actions  may  be  brought  pursuant 
to  Sect.  70(13  of  RCRA,"  even  though  compliance  is  acceptable  under  other  provisions  of  the 
regulation.  This  section  defines  an  imminent  hazard  as  a  situation  where  past  or  present 
management  of  hazardous  waste  presents  an  imminent  hazard  to  human  health. 

Another  section  of  RCRA  that  relates  to  facilities  producing  hazmats  is  the  preparedness  and 
prevention  program  required  of  hazardous  waste  generators  and  storers  (40  CFR  265,  Subpart  C). 
The  regulation  specifies  that  accumulation  areas  for  hazardous  wastes  be  maintained  and  operated 
so  as  to  minimize  inc  ^/ossi'  iJ.Oy  of  fire,  explosion,  or  unplanned  sudden  release  of  hazardous  waste 
or  waste  constituents  to  the  air,  soil,  or  surface  water.  The  preparedness  provisions  speeify  the 
appropriate  type  of  emergenc7  equipment,  required  arrangements  with  state  and  local  authorities 
for  emergency  response  coordination,  and  development  of  contingency  plans  and  cmcrgcnc7 
procedures  for  possible  emergencies  involving  hazardous  wastc.s.  Such  coniingenc7  plans  may  not 
be  restricted  to  hazardous  wastes  but  could  cover  all  incidents  involving  emergencies  concerned  with 
hazardous  materials.  Thus,  although  RCRA  applies  to  generators  and  storers  of  hazardous  waste, 
its  provisions  may  .serve  as  a  precedent  and  be  extended  to  all  facilities  producing,  storing,  or 
transporting  hazardous  materials.  As  outlined  in  Sect.  2.9,  the  stale  legislatures  of  New  Jersey  and 
Illinois  have  already  passed  similar  provisions  to  improve  the  safety  of  manufacture  of  hazardous 
chemicals  within  their  state  boundaries. 


Ill  l*W4,  Omercss  passed  a  series  of  Amendments  to  RCRA  known  as  the  Hazardous  and  Solid 
Waste  Disposal  Amendments  (HSWDA).  These  amendments  were  intended  to  elose  gaps  in  the 
original  ld7t)  Aet  and  its  later  amendments  and  p’gulatitms.  (PL  9.S-616)  Included  in  the 
amendments  are  provisions  that:  (1)  direct  EPA  tt)  ban.  in  whttle  or  in  part,  the  land  disposal  of 
all  RCRA  listed  hazardous  wastes  and  sets  a  timetable  for  EPA  to  supplement  the  plan;  (2) 
proc  ides  regulations  for  small  quantity  generators  (generators,  transporters,  ;ind  disposers  of  between 
10(1  and  1000  K  of  waste  per  month);  (3)  prohibits  ntmeontainerized  or  bulk  liquid  hazardous  waste 
disposal  in  landfills;  (4)  provides  minimum  technical  requirements  for  new  landfills  and  surface 
impoundments;  (5)  regulates  fumes  and  blenders  of  fuels  derived  I’rom  hazardous  waste  or  used  oil; 
it'i)  regulates  underground  tanks  for  the  storage  of  hazardous  substances  (including  hazardous 
wastes);  (7)  regulates  interim  status  waste  facilities;  and  (<S)  authorizes  citizen  suits  where  hazardous 
vsaste  management  presents  an  "imminent  hazard.”  The  act  also  includes  periodic  inspection 
requirements,  establishes  a  national  water  commission,  and  requires  companies  seeking  hazardous 
waste  facility  pcimiis  to  a.ssess  the  risk  to  human  health  of  potential  leaks  from  the  facilities. 

The  provision  in  the  HSWDA  relating  to  underground  tanks  also  covers  the  storage  of  hazmat 
priHlueis  as  well  as  hazardous  wastes.  This  is  included  under  Subtitle  I.  which  establishes  the 
control  of  underground  tanks  containing  "regulated  substances"  (petroleum  and  CERCLA  hazardous 
chemical  products).  An  underground  tank  is  defined  as  a  tank  with  more  than  ]()%  of  its  volume 
underground.  The  law  requires  the  EPA  to  issue  regulations  to  protect  human  health  by  requiring 
the  following  safeguards  and  documentation  be  observed  with  regard  to  existing  tanks; 

1.  leak  detection  or  inventory  control  systems  and  tank  testing; 

2.  record  keeping  and  rcpttrting  of  tanks  to  stale  agencies; 

3.  corrective  action  for  leaking  tanks; 

4.  financial  responsibility;  and 

.s.  tank  closures  for  petroleum  and  other  hazardous  subslanees. 
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F(ir  new  tanks  the  EPA  must  issue  regulations  for  design,  ettnstruetion,  installation,  release 
deteetion,  and  eorrosion  resistanee.  Thus,  RCRA  eurrently  includes  provisions  that  will  ultimately 
regulate  the  storage  of  hazardous  materials  in  underground  tanks,  and  these  provisions  will  impact 
the  prevention  issue  in  one  area  of  process  equipment  (underground  tanks). 

The  1984  amendments  also  direct  the  EPA  to  evaluate  additional  types  of  waste,  including 
inorganic  chemical  wastes,  refining  wastes,  chlorinated  aromatics,  chlorinated  aliphaties,  dioxin,  and 
solvents.  The  EPA  also  must  develop  new  tests,  which  probably  could  be  u.scd  eventually  to 
determine  whether  a  waste  is  hazardous. 

5.7  SUPERFUND  AMENDMENTS  AND  REAUTHORIZATION  ACT  (SARA)  OF  1986 

On  October  17,  1986,  President  Reagan  signed  into  law  the  5-year  reaiithori/ation  (PL  97-499) 
of  the  Superfund  Program.  The  new  SARA  bill  specifies  funding  of  S9  billion  (S8.5  billion  for 
superfund  and  S5()(J  million  for  an  underground  storage  tank  cleanup  program).  Support  for 
SARA  will  come  from  the  following  sources: 

1.  environmental  surtax  on  businesses  with  annual  incomes  greater  than  S2  million, 

2.  petroleum  tax, 

3.  chemical  feedstocks  tax, 

4.  general  revenues, 

5.  interest  on  Superfund  Trust  Fund,  and 

6.  recovery  costs  from  parties  responsible  for  the  hazardous  wastes 
stored  at  waste  sites. 

5.7.1  SARA  Title  111 

SARA  provides  revisions  to  Superfund,  which  include  new  cleanup  standards  that  require  use 
of  permanent  remedies;  sets  a  minimum  number  of  superfund  site  cletinups  oser  the  next  5  years; 
and  specifics  liability  and  penalties  for  parties  responsible  for  improper  hazardous  waste  disposal. 
Of  particular  significance  to  the  control  of  hazardous  chemicals  is  Title  111,  which  concerns 
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cmergcnL7  planning  and  communiiy  right-to-know  provisions.  These  include  sections  relating  to: 

1.  emergency  planning, 

2.  emergency'  notification, 

.3.  community  right-to-know  reporting  on  chemicals,  and 
4.  emissions  inventories. 

These  provisions  are  intended  to  close  some  of  the  gaps  in  federal  responsibilities  previously 
identified  in  this  report.  Sect.  5  includes  rssues  that  are  impacted  by  Title  III  provisions. 

5. 7.1.1  Emergency  Planning 

Each  state  is  required  to  establish  a  state  commission  and  emergency  planning  districts  and  to 
implement  the  formation  of  local  emergency  planing  committees.  The  purpose  is  to  prepare 
state/local  responses  to  hazmat  releases  and  facilitate  the  participation  of  local  chemical 
manufacturers  in  the  planning  efforts.  The  EPA  will  establish  threshold  limits  for  their  list  of 
"extremely  hazardous  chemicals"  in  EPA’s  CEPP;  and  if  facilities  have  these  substances  in  excess  of 
the  threshold  limits,  they  must  report  this  situation  to  their  state  commission.  The  NRT  will 
provide  guidance  for  the  state/local  plans,  and  the  RRTs  will  review  them  upon  request. 

5. 7.1. 2  Emergency  Notification 

TTiis  provision  requires  that  owners/operators  of  hazmat  facilities  notify  the  state  commissions 
and  local  committees  of  hazmat  releases  in  excess  of  the  reportable  quantities  (see  Sect.  2.6)  or 
threshold  releases  (to  be  set  by  EPA)  of  any  of  the  chemicals  from  the  CEPP  list.  Interim 
threshold  release  levels  are  set  at  1  lb  until  EPA  sets  the  release  levels. 

5. 7. 1.3  Community  Right-to-Know  Reporting 

Owners/operators  of  facilities  are  required  to  provide  information  on  the  production,  use,  and 
storage  of  hazmats  in  their  plants.  The  state  commissions,  local  committees,  and  local  fire 
departments,  as  well  as  the  general  public,  must  be  informed.  The  information  is  to  be  submitted 
as  Material  Safety  Data  Sheets  (MSDS)  and  as  an  Emergency  and  Hazardous  Chemical  Inventory 


Form,  which  will  state  the  amounts  and  location  of  MSDS  chemicals. 

5.7. 2.4  Toxic  Chemical  Releases 

The  EPA  is  required  to  establish  an  emi.ssions  inventory  based  on  toxic  chemical  release  data 
submitted  by  hazmat  facilities.  These  data  are  required  if  the  facilities  produce,  use,  or  process 
hazmats  in  excess  of  the  threshold  limits  to  be  compiled  by  the  EPA. 

5. 7.1.5  Miscellaneous  Provisions 

Several  additional  provisions  impact  on  emergency  response  training  and  planning.  The  EPA 
and  other  agencies  having  existing  training  programs  are  authorized  to  place  special  emphasis  on 
haz.ardous  chemicals  response.  FEMA  will  make  grants  to  state  and  k)cal  governments  and 
universities  to  improve  emergency  response  preparedne.ss.  The  EPA  is  also  required  to  review 
monitoring  and  detection  devices  at  hazmat  facilities  and  to  study  the  current  technical  status  cf 
these  instruments.  Penalties  for  failure  to  comply  with  Title  III  provisions  are  also  included. 

5.7.2  Re.search,  Development,  Demonstration,  and  Training  Provisions  (RDPT) 

Amendments  in  this  section  set  up  a  comprehensive  federal  program  to  establish  a  variety  of 
RDD»&T  programs.  They  include  the  following: 

1.  Research  and  Training.  -  The  National  Institute  of  Environmental  Health  Sciences  will  support 
studies  and  training  on  human  health  effects  from  hazmats. 

2.  Alternative  Technology  Research  and  Demonstration  Program.  -  The  EPA  program  authorizes 
alternative  treatment  technologies  (authoriz.alion  for  demonstration  programs  at  waste  sites 
and  ten  field  demonstration  projects  at  CERCLA  sites). 

.7.  University  Haz.ardous  Substances  Research  Centers.  -  The  EPA  will  establish  at  least  five 
hazardous  substances  research  centers  at  universities. 

4.  Other  Re.search  Centers.  -  Specific  instructions  are  given  for  EPA  to  establish  research  centers 
in  specified  areas. 

TTie  magnitude  of  the  implications  of  this  act  upon  the  area  studied  in  this  report  is  very  great. 
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As  this  report  was  being  prepared,  the  ramifications  of  SARA  were  unfolding,  changing  the 
complexion  of  the  enure  area. 

5.7.3  Worker  Protection  Standards 

SARA  Title  I,  Sect.  126.  requires  promulgation  of  standards  for  the  protection  of  workers 
engaged  in  hazardous  work  operations.  The  Secretary  of  Labor  must  issue  proposed  regulations  on 
the  following: 

1.  site  analysis; 

2.  training; 

3.  medical  surveillance; 

4.  protective  equipment; 

5.  engineering  controls; 

6.  maximum  exoosurc  limits; 

7.  an  informational  program  for  workers; 

8.  handling,  transporting,  labeling,  and  disposing  of  hazardous  wastes; 

9.  a  new  technology  program; 

U).  decontamination  procedures;  and 
11.  emergency  response  procedures. 

Although  Sect.  126  applies  to  workers  engaged  in  hazardous  waste  operations.  Sect.  126  (d)(H) 
concerned  with  training  of  emergency  response  personnel  specifically  states  that  the  "training 
standards  shall  set  forth  requirements  for  the  training  of  workers  who  are  responsible  for  responding 
to  hazardous  emergency  situations  who  may  be  exposed  to  toxic  substances  in  carrying  out  their 
responsibilities."  This  provision  was  the  result  of  a  clarification  of  the  original  House  amendment 
in  order  to  make  the  training  standards  applicable  to  all  employees  who.se  jobs  cause  them  to  work 
directly  with  hazardous  substances.’’*  The  training  requirements  specify  that  workers  must  have  at 
least  40  h  of  instruction  and  a  minimum  of  3  d  of  actual  field  experience  under  the  direct 
supervision  of  a  trained  supervisor. 


I'hc  Occupaliiinal  Safety  and  Health  Administration  (OSHA)  issued  a  proposal  to  amend  the 
OSHA  standards  on  Aug.  10,  lOS?,  in  eomplianee  with  the  SARA  Seetion  126  provision."  The 
prtiposed  rule  would  not  imly  apply  to  hazardous  waste  operations  hut  also  to  employees  involved 
in  any  emergency  responses  involving  ha/.^rdous  suhslances.  Thus,  the  proposed  rule  will  regulate 
employee  safety  and  health  at  hazatrdous  waste  operations  and  "emergency  response  operations  for 
releases  or  substantial  threats  of  releases  of  na/ardous  substances,  and  p;ist  emergency  response 
operations  to  such  re!  .'  ises  at  all  workplaces."  This  indicates  that  employers  whose  employees  have 
a  reasonable  possibility  of  engaging  in  emergency  response  to  a  spill  at  a  facility,  on  a  highway,  or 
from  a  railway  tank  ear,  are  covered. 

The  general  requirements  of  the  proposed  OSHA  standards  include  the  provisions  listed  above 
specified  by  SARA,  Section  126  with  the  following  additions: 

1.  illumination, 

2.  sanitatitm, 

site  excavation,  and 

■1.  contractor  and  subcontractor  p.'ovisions. 

F'inal  regulations  promulgated  by  the  propo.sed  standards  arc  to  take  effect  1  year  after  the  date  they 
are  promulgated. 

5.S  OCCLTATIONAL  SAFETA'  AND  HEALTH  ACT 

The  Occupational  Safely  and  Health  .Act  (OSH  ACT)  of  1970  was  established  to  ensure  that 
employees  working  in  areas  having  recognized  hazards  to  their  safety  and  health  would  ne  protected 
from  these  dangers.  TTie  goal  of  the  act  is  to  ensure  that  "no  employee  will  suffer  material 
impairment  of  health  or  functional  aipacity"  from  a  lifetime  of  exposure.  The  act  also  stipulates 
I  hat  the  prov  isions  must  be  met  "to  the  extent  feasible"  which  was  included  to  replace  prev  ious 
riexible  stale  standards  in  force  prior  to  the  act  (PL  91-596).  The  ICS.  Occupational  Safety  and 
Health  Administration  (OSHA),  which  is  a  Division  o<  the  Department  of  Labor,  has  prime 
responsibility  not  only  for  setting  health  and  sah  ty  standards  but  also  for  enforcing  ihim  through 


tcdcral  and  state  inspectors.  In  addition,  OSHA  has  responsibility  for  public  education  and 
consultation  ttn  health  and  safety  matters  in  the  workplace.  The  National  Institute  for  Occupational 
Satety  and  Health,  which  is  in  the  Department  of  Health,  and  Human  Sereiees,  was  to  conduct 
research  on  occupational  safety  and  recommend  standards  to  OSHA. 

Within  the  OSHA  organization,  there  are  two  distinct  parts:  one  devoted  to  setting  safety 
Niandards  for  accidental  injury,  such  as  burns,  electrical  shock,  falls,  loss  of  limbs,  etc.,  and  the  other 
occupational  hazards  concerned  with  chemical  hazards.  The  initial  effort  involved  setting  consensus 
standards  for  air  concentrations  of  several  hundred  to.xic  chemicals  in  the  workplace.  Problems 
inherent  in  these  consensus  standards  included  the  lack  of  requirements  for  warning  labels, 
monitoring  equipment,  medical  record  keeping,  and  definitions  as  to  the  cumulative  time  of 
exposure  for  the  workers.  These  standards  vvc'e  published  in  ld74  and  were  to  be  replaced  by 
permanent  sttindards  within  a  set  period  of  time.  However,  as  of  1984,  only  ten  final  health 
standards  were  promulgated,  which  included:'" 

1.  asbestos, 

2.  a  list  of  14  carcinogenic  chemicals, 

.4.  vinyl  chloride, 

4.  lead, 

5.  ethylene  oxide, 
b.  arsenic, 

7.  coke  oven  emissions, 

8.  cotton  dust. 

9.  acrylonitrile,  and 

19.  1 ,2-dibromo-.4-chIoropropane. 

In  November  1984,  OSHA  published  a  "Hazard  Communication  Standard,”  which  requires 
ehemic.d  manufacturers  to  provide  information  on  chemical  h;iz;irds  to  their  employees.  The 
standard  requires  manufacturers  and  importers  to  develop  labels  and  material  safety  data  sheets 
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(MSDS)  to  inform  their  employees  about  the  hazardous  ehemieals  they  handle.  The  standard  also 
requires  the  faeilities  to  provide  training  to  ensure  that  their  employees  handle  the  chemicals  safely. 
Extensitm  of  the  Hazard  Communication  Standard  to  industries  other  than  the  chemical 
manufacturers  and  importers  is  alscr  under  consideration."* 

5.9  ST.ATE  ST.ATUTES  FOR  HAZARDOUS  MATERIALS 

Recently  passed  state  statutes  require  manufacturers  to  notify  communities  of  the  hazardous 
chemicals  that  they  process  and  to  develop  risk  analyses  and  emergency  procedures  for  their 
facilities.  For  example.  New  Jersey  enacted  a  "Toxic  Catastrophe  Prevention  Act"  on  January'  8, 
1986.  ’’  which  contains  the  following  provisions: 

1.  establishment  of  an  extraordinary  hazardous  substance  list; 

2.  requirement  of  risk  management  programs  for  manufacturers  (including  design  safety  review, 

standard  operating  procedures,  and  preventive  maintenance  programs, 

tipcrating-training-accident  investigation  procedures,  risk  assessment  of  equipment,  emergency 
response  planning),  and  the  establishment  of  auditing  procedures  to  ensure  execution  of  the 
required  program; 

3.  registration  of  manufacturers  of  extraordinary  hazardous  substances;  and 

4.  reviews  of  risk  management  programs  developed  by  the  registrants.  The  state  of  Illinois 
enacted  a  "Chemical  Safely  Act"  in  1985.*' 
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Its  purpdsc  is: 

T(t  establish  an  orderly  system  to  assure  th;it  responsible  parties  are  adequately  prepared 
to  respond  to  the  release  ol  ehemieal  subsianees  into  the  environment  and  to  improve  the 
ability  of  state  and  loeal  authitrities  to  respond  to  sueh  releases. 

The  act  requires  the  following  of  each  ehemieal  produeer: 

1.  identifieation,  storage,  and  use  of  ehemieals  u.sed  at  eaeh  site; 

2.  probable  nature  of  ehemieal  releases; 
s.  notifieation  procedures; 

4.  emergency  response  plans: 

notifieation  of  local  agencies  of  the  plans;  and 
6.  employee  emergency  response  training  programs. 

.‘Vs  examples  of  state  community  notification  regulations,  2.'^  states  had  community  right-to-know 
statutes  in  1985.'-  These  laws  generally  require  industry  to  provide  information  to  state  or  local 
authorities  and/or  the  public  about  hazmats  that  they  use  or  produce.  New  Jersey’s  law,  signed  in 
August  198.5,  requires  manufacturers  producing  any  of  approximately  1(K)0  chemicals  to  provide  this 
information  to  local  communities.  Louisiana’s  law  was  signed  in  July  1985  with  the  regulations 
scheduled  to  be  effective  in  May  1986,  while  Michigan’s  legislation  was  signed  into  law  in  April 
1986.  A  number  of  similar  laws  are  pending  in  other  slates. 
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6  FEDERAL  AGENCY  RESPONSIBILITIES  AND  PROGRAMS 

Although  many  federal  agencies  have  various  responsibilities  for  ha/mat  emergency  response, 
prime  responsibilities  reside  with  ine  toiiow'ing: 

1.  National  Response  Team; 

2.  Regional  Response  Teams  and  On-Secne  Coordinators; 

3.  Environmental  Protection  Agenc7; 

4.  Federal  Emergency  Management  Agency; 

5.  Department  of  Transportation  Research  and  Special  Programs  Administration; 

6.  LfS.  Cirast  Guard;  and 

7.  National  Oceanic  and  Atmospheric  Administration. 

The  major  federal  authorities  that  establish  these  responsibilities  arc  reviewed  in  Sect.  5  of  this 
study.  An  overview  of  the  responsibilities  delegated  to  each  of  these  agencies  follows. 

6.1  FEDERAL  EMERGENCY  MANAGEMENT  AGENCY 

The  primary  responsibility  of  FEMA  for  national  security  emergency  preparednc.ss  is  defined 
by  Executive  Order  11490: 

1.  TTie  Director  of  FEMA  shall  serve  as  an  advisor  on  issues  of  emergency  preparedness, 
mobilizitlion  preparedness,  civil  defense,  continuity  of  government,  material  and 
technological  disasters,  and  other  issues  as  appropriate. 

2.  The  Director  of  FEMA  .shall  assist  in  the  implementation  of  national  security  emergency 
preparedness  policy  through  a  coordinating  role  with  other  federal  departments  and  agencies 
and  with  stale  and  local  governments;  provide  periodic  reports  to  the  National  Security 
Council  on  implementation  of  national  security  emergency  preparedness  policy;  and  provide 
staff  support  as  requested  by  the  National  Security  Council. 

The  above  does  not  apply  to  emergencies  unless  the  situation  constitutes  a  national  security 
emergency,  which  is  defined  as  "any  occurrence,  including  natural,  technological,  or  other  emergency 
which  seriously  degrades  or  threatens  the  national  security  of  the  United  States."  A  major 
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lochnological  ha/nial  release  that  threatened  the  health  and  safety  of  a  large  population  segment 
ui'uld  possibly  be  classified  as  a  national  security  emergenev'.  In  the  NRT  Planning  Guide,"  the 
^jiecific  functions  and  assistance  of  FEMA  during  releases  of  hazardous  substances  is  given  as 
K1II0V.S:  "I'EMA  proMdes  assistance  in  coordinating  civil  emergency  planning.  In  the  event  of  a 
major  Jisaster  declaration  by  the  President,  FEiMA  coordinates  all  disaster  or  emergency  actions 
with  the  OSCRP.Vl  (On-Scene  Coordinator  and  the  Remedial  Project  Manager)." 

b.  1 . 1  National  Emergency  Managemeni  System  (NE.MS) 

Fhe  National  Emergency  .Management  System  fulfills  one  of  FEM.A's  basic  responsibilities  by 
faciliiatini!  the  rapid  and  orderly  How  of  emergency-related  information  between  federal,  state,  and 
local  gi'vernments,  private  industry,  and  volunteer  organizations.  Essentially,  NE.MS  acquires, 
processes,  and  delivers  information  to  assist  in  decision  making  and  implementation  during  pre-, 
Iran''-,  and  post-emergency  periods.  It  is  designed  to  transmit  the  information  base  and  provide  the 
means  of  communication  for  emergency  mitigation,  preparedness,  response,  and  recovery.  The 
NF.MS  includes  three  basic  types  of  components  for  coordinating  emergency  operations:  physical 
fticilities.  telecommunications,  and  information  systems.  These  are  bricHy  described  in  Tabic  6. 

The  telecommunications  system  includes  a  number  of  systems  related  to  warning  systems  by 
voice,  radio  teletype,  teletype,  or  other  means  of  cctmmunicatiim.  In  addition,  FEMA  has 
telecommunicatictn  systems  in  other  federal  agencies  available  when  needed. 

With  regard  to  information  systems  for  hazmat  events,  FEMA  has  a  Disaster  .Management 
Information  System  which  can  be  used  for  disaster  assistance  reporting,  planning,  and  program 
management  and  also  the  National  Fire  Incident  Reporting  System.  There  are  also  many  other 
available  data  bases  specific  to  various  management  information  systems  owned  by  FEMA  or 


available  from  other  agencies. 
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Table  6.  National  Emergency  Management  System  physical  facilities  (14) 


Eaiergencv  Inforiration  FEMA  Headquarters,  Emergency  coordination 

; 'oo rd i na t i on  Center  Washington,  DC 

(EICC) 

National  Emergency  Virginia  Alternate  to  above 

Coordination  Center 
I  NECO 

N.i tior.til  Warning  Center  Located  with  NORAD 

i  Nw^: ) 

A !  :  e  r  tia  t  e  Na  t  i ona  1 
Wtirning  tienter 


c-  g  i  0  n a  L  Erne  r  ge  nc  y 

FEMA  Regional 

Regional  information 

Information  Coordination 

Centers 

centers 

Cent£-rs  (REICC) 

i s  a  s  t  e  r  Field  Office 

Operating/recovery  set 

or  other  temporary 

up  near  emergencies 

oc at  ion) 

Co- located  with  NECC  Alternate  warning 

center 
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6.1.2  Integrated  Emcrecnev  Management  Information  Svsicm  (lEMlS) 

The  Integrated  Emergency  Management  Information  System  provides  a  national  interagency 
data  base  to  slates  and  local  governments  for  data  sharing,  joint  planning,  exercising,  and 
coordinating  response  operatit)ns.  Various  data  bases,  including  a  standard  national  map,  arc 
cc'mbined  with  several  dynamic  analysis  models.  Tlie  models  can  analyve  toxic  plume  movement, 
based  on  meteorological  conditions,  supporting  decisions  to  select  sheltering  and  exacuation  options. 
The  ha/mat  activities  of  particular  interest  arc  listed: 

1.  National  Map  Data  Base  -  A  digital  cartographic  data  base  designed  from  .sectional  maps  from 
the  National  Atlas  of  the  United  States.  The  program  is  capable  of  graphically  displaying 
boundaries,  roads,  railroads,  streams,  lake.s,  populated  areas,  and  topological  relationships. 

2.  Elxcrcisc,  Evaluation  and  Simulation  Facility  (EESF)  -  Developed  for  pi, inning  and  training 
related  to  nuclear  accidents  but  is  being  adapted  for  other  emergency  applications.  Models 
in  this  program  include  an  evacuation  model  for  predicting  the  effectiveness  of  an  evacuation 
as  it  proceeds,  a  meteorological  model  for  predicting  location  and  intensity  of  a  radioactive 
plume  released  to  the  atmosphere,  and  a  do.se  model  to  predict  radiation  doses  to  the 
population. 

At  the  present  time,  lEMIS  is  operational  at  FE.MA  Headquarters,  the  ten  FEMA  regional  centers, 
and  the  National  Emergency  Training  Center.  Use  by  states  and  load  communities  is  planned.  TTie 
extension  of  lEMlS  to  include  ha/itrdous  materials  modeling  oipabiliiies  would  be  of  value  in  terms 
of  local  community  planning,  training,  and  emergency  response  systems.  The  discussion  in  Sect.  10 
includes  a  review  of  the  potential  benefits  to  be  derived  from  a  revision  of  FEMA  data  bases  to 
include  a  ranking  procedure  for  a  selected  list  of  hazardous  chemicals. 

6.1..^  National  Fmerizcncv  Training  Center  (NETC) 

ppx4  A  training  in  emergency  response  procedures  at  their  regional  centers  and  at  the 

National  Emergency  Training  Center  (NETC)  at  Emittsburg,  Maryland.  The  Nl’TC  includes  the 
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Niiiional  Fire  Academy  (NFA)  and  the  Emergency  Management  Institute  (EMI).  The  NFA 
provides  courses  directed  toward  personnel  engaged  in  fire  prevention  and  control  activities,  but  the 
course  content  is  directed  toward  all  types  of  hazardous  materials,  including  toxic  chemicals.  A  list 
of  the  courses  associated  with  hazardous  materials  is  included  in  FEMA's  NETC  Course  Catalog.'^ 
These  courses  are  primarily  directed  toward  fire  officers  who  may  become  involved  in  a  hazardous 
materials  incident,  the  inspection  of  a  facility  storing  hazardous  materials,  the  command  of  an 
incident  involving  haz.mats,  or  the  planning  for  incidents  involving  hazmats.  In  addition  to  regular 
residency  courses,  the  NEA  also  offers  weekend-residence  educational  activities  and  field  training 
programs  designed  to  support  state  and  local  fire  training  programs  at  various  locations  around  the 
country.  The  NF.A  also  conducts  a  "Train-the-Trainer"  program,  which  teaches  personnel  how  to 
conduct  in-house  training  sessions  for  fire  fighters  at  their  local  headquarters  or  in-state  training 
programs. 

The  EMI  offers  a  wide  range  of  courses  primarily  dircvieu  toward  managers  concerned  with 
emergencies  involving  hazardous  materials.  Many  of  the  courses  are  directed  toward  radiological 
materials.  Included  in  the  EMI  program  are  workshops,  teleconferences,  seminars,  and  a  self-study 
program.  .Most  of  the  training  is  conducted  through  state  emergency  agencies  under  cooperative 
agreement.  EMI  also  provides  instructional  materials  and  student  allocations  in  selected  course 
offerings  to  nonprofit  schools,  agencies,  and  professional  associations. 

The  training  opportunities  offered  by  FEMA  through  the  NETC  and  FEMA  sponsored  training 
by  states  comprise  only  a  fraction  of  the  training  activities  sponsored  by  various  governmental, 
institutional,  and  private  sector  organizations.  The  recent  DOT-FEMA  survey’^  received  responses 
from  2X5  training  organizations  who  provide  a  total  of  412  emergency  response  courses.  The  federal 
government  provides  only  5^;  of  these  courses  but  is  high  on  the  list  of  total  student  hours  because 
of  its  longer  courses. 

Section  .5()5a  of  SARA  Title  III  authorizes  officials  of  the  U.S.  Government  carrying  out  existing 
federal  programs  for  emergency  training  to  specifically  provide  training  for  the  following: 
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1.  hazard  mitigation, 

2.  emergency  preparedness, 

3.  fire  prevention  and  control, 

4.  disaster  response, 

5.  long-term  disaster  recovery, 

6.  technological  and  natural  hazards,  and 

7.  emergency  processes. 

Special  emphasis  is  to  be  provided  during  this  training  on  hazardous  chemicals.  FEMA  is  to  be 
appropriated  S5  million  per  year  during  1987-1990  for  grants  to  support  state  and  local  governments 
and  to  support  university-sponsored  training  programs  in  the  areas  of  emergency  planning, 
preparedness,  mitigation,  response,  and  recovery.  Again,  special  emphasis  is  to  be  placed  on 
emergencies  a.ssociated  with  haz.ardous  chemicals.  FEMA  is  currently  carrying  out  this  mandate. 
The  total  current  funding  for  the  program  through  FEMA/Statc  Comprehensive  Cooperative 
Agreements  (CCA)  is  approximately  equal  to  FEMA’s  annual  support  for  other  training  programs. 

6.1.4  FEMA  Emergency  Operations  PLans  fEOPl 

Section  44  CFR  302  provides  for  federal  financial  contributions  to  the  states  and  their  political 
subdivisions  for  the  support  of  up  to  one-half  the  state  and  local  civil  defense  personnel  and 
administrative  expenses.  This  comes  under  the  FEMA  Emergency  Management  Assistance  (EMA) 
Programs.’’  In  addition  to  civil  defense  use,  funds  for  this  program  may  be  used  for  emergency 
assistance  in  response  to  natural  disasters,  including  man-made  catastrophes,  providing  such  aid 
contributes  to  and  does  not  detract  from  FEMA’s  attack  preparedness.  Jurisdictions  receiving  EMA 
funds  are  required  to  prepare  emergency  operating  plans  that  conform  to  the  requirements  for  plan 
content  contained  in  FEMA  CPG  1-3,  CPG  1-8,  and  CPG  1-8A.  Thus,  state  and  local  governments 
must  include  items  in  their  emergency  planning  such  as  available  personnel,  equipment,  facilities, 
supplies,  and  other  re.sources  in  their  jurisdiction  and  develop  the  framework  for  the  coordination 
between  individuals  and  government  services  in  the  event  of  a  haz.mat  release  or  other  disaster.  As 
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set  lorth  in  CPG  l-S,'"  an  emergenev  operations  plan  ineludes  (EOP)  the  eomponents  indicated  in 
Fig.  3.  The  EOP  also  designates  the  Emergency  Program  Manager,  "who  is  directly  responsible 
on  a  itay-to-day  basis  for  the  jurisdiction’s  effort  to  develop  a  capability  for  coordinated  response 
to  and  recovery  from  the  effects  of  large-scale  disasters."  However,  the  FEMA  Director  in  a  letter 
to  the  states  has  told  them  that  civil  defense  funds  cannot  be  u.sed  to  support  the  specific  hazmai 
planning  requirements  for  SARA.''' 

6.2  NATIONAL  RESPONSE  CENTER  (NRC) 

Although  the  National  Response  Center  (NRC)  is  not  a  FEMA  program,  it  is  part  of  the 
National  Contingency  Plan  and  serscs  as  the  communications  center  for  activities  related  to  response 
actions.  The  NRC  is  located  at  the  USCG  Headquarters  in  Washington,  D.C..  and  its 
responsibilities  include  the  receipt  and  relaying  of  notices  of  hazmat  releases  in  amounts  equal  to, 
or  greater  than,  the  reportable  quantities  to  the  On-Scene-Coordin;itors  (OSC)  or  lead  agencies  for 
the  particular  emergency.  CERCLA  (PL  96-510)  specifics  that  the  OSC  must  then  notify  the 
governor  of  the  slate  affected  by  the  relca.se.  The  NRC  also  serves  to  dissemina'c  OSC  and  RRT 
reports,  as  appropriate,  and  provides  facilities  for  the  NRT  to  use  while  coordinating  a  national 
response  action  when  required.  The  NRC  records  were  the  most  comprehensive  and  readily 
available  data  base  used  in  the  recent  development  of  the  Acute  Hazardous  Events  Data  Base 
developed  by  EPA.‘ 

63  NATIONAL  AND  REGIONAL  RESPONSE  TEz\MS 

The  responsibilities  and  makeup  of  the  National  Response  Team  (NRT)  and  the  Regional 
Response  Teams  (RRT)  are  described  in  detail  in  Sect.  63  under  CERCLA.  The  NRT  serves  as 
the  primary  vehicle  for  coordinating  federal  ageIK^'  response  ;ieti\ities  under  the  National 
Contingency  Plan.  The  teams,  which  consist  of  representatives  from  14  federal  agencies,  including 
F'EMA,  serve  as  the  head  of  the  feder.tl  emergency  response  network.  In  addition,  each  (T  the  10 
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federal  regions  (plus  Alaska,  the  Caribbean  area,  and  Oeeania)  has  a  regional  response  team  which 
participates  in  response  planning  and  preparedness  prior  to  a  response  and  coordinates  activities 
when  the  federal  government  response  program  is  acihated  within  the  region.  Each  RRT  is  made 
up  of  regional  representatives  of  the  NRT  agencies,  as  well  as  state  and  local  governments. 

The  primary  responsibility  for  emergcnc7  response  actions  resides  with  the  OSCs.  During  a 
response  action,  the  RRT  members  provide  the  re.sources  of  their  agencies  to  the  OSC  as  specified 
by  federal-regional  and  federal-local  contingency  plans.  The  EPA  designates  OSCs  for  inland  zones 
and  the  USCG  designates  OSCs  for  navigable  water  zones  in  advance  of  an  incident. 

The  National  Contingency  Plan  also  provides  for  a.ssistance  to  state  and  Inca!  governments  in 
planning  and  preparing  for  hazmat  events.  Federal  assistance  includes  guidance,  technical  assistance, 
and  training.  SARA  (see  Sicet.  5. /.I)  also  requires  eacn  state  to  establish  a  state  commission  and 
emergency  planning  districts  and  loatl  emergency  planning  committees  to  develop  emergency 
response  plans  with  respect  to  facilities  that  produce  or  store  hazmats.  Federal  support  for  these 
activities  has  not  yet  been  structured.  FEMA  may  provide  the  support  thrttugh  its  varittus  programs 
set  up  through  the  state  governments  to  fund  local  governments  for  planning  and  training  activities. 

The  state  commissions  required  by  SARA  are  appointed  by  the  governor  of  each  state  and  have 
the  following  responsibilities: 

1.  designation  of  emergency  planning  districts; 

2.  appointment  of  local  emergency  planning  committees  for  each  district; 

.4.  supervision  and  coordination  of  activities  of  the  planning  committees; 

4.  review  of  emergency  plans  and  chemical  release  notifications;  and 

5.  establishment  of  procedures  for  receiving  and  processing  requests  from  the  public  for 
information  concerning  emergency  plans,  data,  and  hazmats. 


Representatives  on  the  local  emergency  planning  committees  must  include  a  representative  from: 

1.  elected  state  and  local  olTicitils; 

2.  law  enlorcement,  health  department,  first  aid,  fire  protection,  transportation,  civil  defense 
personnel; 

,s.  media  members; 

4.  community  group  members;  and 

s.  owners-operators  of  lacilities  manufacturing,  processing,  and  storing  ha/mats  that  are  under 
the  SARA  rules. 

Facilities  that  come  under  S.ARA  are  also  Mibject  to  emergence  phinning  and  notification 
requiri'tnents  it  the  substances  they  handle  appear  on  EP.A's  list  (d' e.vlremelv  h;i/ardous  substances 
;ind  are  presently  in  excess  of  the  EPA  threshold  quantities  for  that  subsi;mce. 

TTie  NRT’s  responsibility  with  respect  to  this  local  planning  structure  includes  publishing 
guidance  for  the  preparation  and  implementation  of  emergency  plans.  Its  Hazardous  Materials 
Emergency  Planning  Guide'  '  was  prepared  in  resptmse  to  this  requirement.  The  NRT  Preparedness 
Committee  also  developed  a  set  of  criteria  to  be  used  by  the  RRTs  to  assess  state  and  local 
emergency  response  preparedness  programs.  These  criteria  include  the  following  six  categories:"' 

1.  hazards  analysis  ftrr  the  area; 

2.  authority  vested  in  emergency  organizations  for  emergence  response; 

.4.  organizational  structure; 

4.  communications; 

5.  resources  -  personnel,  equipment  facilities,  etc.;  and 

6.  emergency  plans. 

.Although  few  state  or  local  governments  will  have  a  need  and  ca|Xibility  for  all  of  these  criteria,  the 
assessment  by  the  RR'F  should  help  identify  those  resources  needed  by  the  gi'vernmcntal  units  and 
encourage  (heir  acquisition.  Thus,  SARA  has  provided  auihorizatiim  for  direct  federal  assistance 
m  the  development  and  review  of  state  and  local  emergence  planning  through  the  NRT  and  RRTs. 
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ll(mc\cr,  current  support  in  this  area  by  the  federal  eoserninent  is  \er\  liniileJ 

Additional  NRT,  RRT,  and  OSC  technical  assistance  to  state  and  local  response  planning 
includes: 

1.  designation  of  priority  areas  within  each  region  with  a  high  potential  for  ha/mat  incidents; 

2.  di''semination  of  information  eamcerning  ha/mat  RA:D,  transportation,  risk  assessments,  lessons 
learned,  response  data,  etc.;  and 

coordination  of  government  prisate  industry  interfaces  for  all  asjiects  of  ha/mat  emergency 
response, 

rhe  NR  F  and  the  RR  I'  agencies  will  aKo  Ih-  msoKed  in  ihe  ha/m.it  ii, lining  programs  with 
respect  io  improcing  coordination  ol  ledei.d.  state,  loc.d,  and  piic<ile  li, lining  .ind  to  deceloping  a 
nation, il  interacencN  training  strategy  and  regional  training  plans. 

t>.4  HWiP.nNMHNTAl.  RE.SPONSII  TEA.M  il-.RT'  AND  NAdd(.)NAl,  STRIKI'  l-'ORCI-; 

.■\  group  ol  hichl'.  speii,ili/ed  experts  irained  lor  ha/mat  emergencies  is  .icail.ible  thi  mgh  the 
I'.PA.  Since  Its  est,iMishment  in  l‘'",s,  ilie  PiRT  lias  p.iriicip,ited  in  moie  itian  5o()  fia/mai  invidenls. 
I'eam  members  .ire  tr. lined  in  all  aspects  of  ha/m.ii  emergencies,  inciuding: 

1.  treatment  and  monitoring  ol  ha/,iiats, 

2,  control,  disposal,  and  ci'nimgency  planning  during  h.i/mai  en'.cige:',cii.s. 
s  in'irurtienialion.  sampiing,  and  analysis  actixitie';  and 

4.  occupation, il  he.ilth  and  s.ilelc. 

i  he  Nation, il  Strike  P'o.ce  is  the  I  S(  ( Ps  lountc  iparl  lo  tlie  1  R  I  s.  Ilu  ii  expertise  can  be 
s.illed  '1!  |or  diiiiho.ird  .iiid  i.ois!,il  h.i/mat  eiiu a eeiicies,  iiklihling  'he  U'c  oi  ^uni.iinmeiil  and 
ritn  ^^jul(U^K^I  lor  rc  sfiondin*'  |o  jxilliiirm  m,  ah  ni'-. 

os  l\y  |R(  )\\ii  N  I  Al  l’R(  Hi  Cl  ION  Af.l  N(  'i 

The  1  -.IW  ti.i  ,1c 1  lop.  d  ,irid  im j-iletreiiled  ,i  p; o‘'i.im  di  ie:u  a  to  o  ]  a;, i  i ,  ■  oil  ,md  li.i/.iulous 
'd  Ciiue  inudciii',  ihi  jaoi';  im  ituiis  ip.-  i.i,.,;,  oi  r  i  Rt  1  \  a..!  do  <  I,.;:,  Xk.ini  i  Alien 


;t  federal  hazardous  substance  respitnsc  is  necessarc',  EPA  lakes  steps  to  see  that: 

1.  public  health  and  environment  arc  prote'cted; 

2  response  personnel  are  prepared  and  supplied  with  proper  equipment; 

V  federal,  sta'c,  and  li'cal  resources  are  available  and  that  their  efforts  arc  coordinated;  and 
4.  response  actions  are  timely  and  effective. 

d'hese  steps  include  the  sampling  and  monitoring  of  an  aciutil  or  potential  release,  technical  advice 
and  assistance,  and  provision  of  mitigation  and  cleanup  of  released  materials.  EPA’s  roles  at  the 
NR'r.  RRT,  and  OSC  levels  during  incident  response  have  been  described  preciously. 

The  EF,A  also  provides  site-specific  technical  advice  and  assistance  through  its  Fnvirc'p.mental 
Response  Team  (EF<T).  The  ERT  includes  expertise  in  biology,  chemisirc',  hydrology,  geology,  and 
engineering. 

The  EP,-\  m;in;ige''  the  trust  fund  (Superfund)  established  under  C  ERC'LA  to  cover  the  exist 
of  hazardous  substances  response  operations  and  is  also  responsible  for  enforcement  actions  against 
responsible  parliee.  L’nder  the  new  SARA  provisions  (see  Sect.  5.7).  EPA  is  to  establish  threshold 
limns  for  their  list  of  "extremely  hazxtrdous  chemicals"  in  the  FiPA's  Chemical  Emergency 
Preparedness  Program  (CEPP).  If  owners,  operators  of  facilities  have  these  materials  in  excess  of 
the  threshold  limits,  they  arc  required  to  notify  the  state  commission  who  will  inform  EPA.  Thus, 
EPA  is  to  be  responsible  for  the  data  collection  on  fixed  facility  ha  mat  operations  m  the  United 
States.  Under  the  Toxic  Chemical  Release  Provision  of  SARA,  FiPA  is  required  to  establish  an 
annu.il  emissions  inventory  of  hazardous  chemicals  released  in  excess  of  the  threshold  limits.  TTie 
EP,-\  is  also  authorized  to  carry  out  existing  programs  for  emergency  training  with  special  emphasis 
on  hiizardous  chemicals  and  to  conduct  a  review  of  monitoring  and  deiectiem  device  technology. 

With  respect  to  planning  and  prevention  tictiviiies,  the  EPA  initiated  iis  CEPP  in  December 
I'css,'  The  (  I'.PP  .iddresses  the  sudden,  acciu  mtai  releases  ol  acutely  toxic  chemicals  into  the 
•  itmosphere  and  the  need  to  improve  emergenev  preparedness  and  reepoii'-e  c.ipabililies  at  all  levels 
"t  government  to  handle  such  an  emergenev.  rite  CEPP  is  a  voluniarv.  nonregul.iiory  program 
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'^'.hosc  pnman.  locus  is  on  cmcrgcnc\  planning  anU  response  capability  at  the  local  level.  It  consists 
v't  three  basic  components; 

1  a  iist  v't  acuteh  toxic  chemicals,  which  EPA  developed  to  provide  a  locus  tor  increasing 
communiiv  awaieness  and  dexeloping  or  improving  contingenev'  planning  ell'orts,  and  is 
accompanied  bv  individual  chemical  profiles  containing  information  on  each  chemical; 

2.  guidance  material  to  assist  slate  and  local  communities  in  developing  and  exercising 
contingenev  plans;  and 

V  training  and  technical  assistance  to  state  officials  and.  through  st;iics,  to  h'cai  officials  to  help 
them  idcntilv  potential  chemical  hazards  and  develoii  adequate  contingency  |d:ins 
P-lements  of  the  CEPP  have  been  incorpvtrated  inlvi  the  newly  rcaulhori/ed  amendments  to 
CERC'l.A  (SARA). 

The  EPA  has  preparedness  coordinators  in  each  of  its  ten  federid  regional  offices  who  arc 
respi'nsible  lor  focusing  on  preparedness  efforts.  These  efforts  include  working  with  state  ;ind  local 
i'fficials  to  identify  priority  areas  and  conducting  other  preparedness  activities  such  as  cirntingency 
plan  dcvehipment  and  review,  training,  and  simulations. 

.Along  With  five  other  federal  agencies  (EE.MA,  RSPA,  USCG,  HHS  ATSDR,  ;md  DOL/OSHA) 
EP.A  piirticipaled  in  the  development  of  the  Hazardous  Materials  l-imergenc\  Planning  Guide. 
origin;illv  known  as  F'E.M.-.  Kf  In  September  PtXb,  the  NRT  endorsed  the  guide.  It  was  ofticially 
reissued  in  April  ld,S7  as  an  NRT  Guide.’’ 

The  fiP.A  als('  p;tr!icipales  in  preparedness  initiatives  with  both  private  ;md  public  sector  groups 
and  'uch  as  the  Chemical  Manuhicturers  .Assocuition,  the  American  Red  (  ross,  ;ind  the  N\..ional 
(Tovernors  .Association.  Gver.dl.  EP.A  has  a  predominant  role  in  this  are;t.  one  which  continues  to 
L!r<  "A 
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M  DnPAR'rM[:N T  of  transportation  R15SF-:ARCH  and  special 

PROGRAMS  ADMINISTRATION 

T'hc  Dor  Rc'-carch  and  Special  Priigrams  Adminislrauun  (RSPA)  ha^  auihority  lo  issue 
rceuiaiion^  on  nian\  aspects  of  hazardous  materials  containers,  except  lot  bulk  marine  shipments, 
■ahich  are  reeulated  bv  the  L'.S.  C(vtst  Guard.  RSPA  shares  inspection  and  enforcement  activities 
with  the  nii'da!  administrations,  the  Federal  Hifthway  Administration,  the  Federal  Railroad 
.Administration  (l-'R.Ai,  the  Federal  Aviation  Administration,  the  National  Highway  Traffic  Safety 
Administration,  and  the  Coast  Guard,  which  also  have  auihority  oxer  the  xehicles  or  vessels 
ihcrnscl'.es,-'  RSP.A  is  responsible  for  the  identilication  of  hazardous  tiiatciiaN  as  well  as: 

1,  regulation  I't  htizardoiis  materials  containers,  handling,  and  shipments; 

.L  dcwelopmeni  of  container  standards  and  testing  procedures; 

.T.  inspcctiim  and  enforcement  for  multimodal  shippers  ttnd  ci'nttiiner  manulacturcrs;  and 

4.  data  collection  (Plazaidous  .Materitils  Information  System). 

The  (RSPA)  develops,  publishes,  and  distributes  the  Emerecncx'  Response  Guidebook  (ERG), 
a  widely  used  publication  in  the  emergency  response  community.""  The  guidebiiok  is  designed  for 
use  bv  firemen,  police,  and  other  emergency  serxices  personnel  and  provides  mititil  enicrgeney 
response  guida.nce  for  \irtualK  all  hazardous  materials  trttnsported  in  the  L'nited  States.  It  enables 
persons  who  are  unfamilitir  with  chemical  names  to  identify  haz,;trdous  materitils  by  their  four-digit 
identification  number  tmd  determine  safety  rnetisures  to  be  taken.  The  distribution  plan  ktr  the 
guidebook  is  to  have  one  in  each  emergency  resp<'nse  vehicle.  However,  distribution  is  also  made 
to  iridividutti  responders  and  training  organizations  upon  request.  The  transporltition  industry  is 
required  by  RSPA  regulations  to  report  incidents  .ind  or  accidents  that  fall  under  specified  criteria 
to  the  NF^C  RSPA  funds  that  portion  ol  the  operaiion.il  co  t  of  the  NR(.  attributable  to  the 
administration  mission,  as  well  as  the  cost  to  the  NR<'  lor  loading  data  into  the  RSPA  data  system. 
The  interlace  hetv.een  RSPA  and  state  and  local  governments  is  achieved  through  tins  data  system 
since  slates  mav  retrieve  data  Irom  the  svsiem,  iiKluding  the  dala  eniered  by  ihe  NRG. 


RSPA  prepares  and  distributes  emergenev’  planning  guidance  primarily  through  two  publications: 
Community  Teamuork''  and  Lessons  Learned. ~~  Community  Teamwork  prirvides  ideas  on  how  to 
develop  a  hazardous  materials  transportation  safety  program  at  the  most  economical  cost  by 
invoKing  the  different  state  and  local  agencies.  It  provides  guidance  on: 

1.  maximizing  the  use  of  available  federal,  slate,  and  local  resources,  and  increasing  interagency 
eooperatii>n: 

2.  consolidating  hazardous  materials  transportation  activities  with  other  state  and  lo‘’al  programs; 
s.  expanding  the  use  of  mutual  aid  agreements; 

4.  maximizing  the  use  of  part-time  and  volunteer  staff;  and 

5  eneouraiting  greater  local  industry  involvement  in  hazardous  materitils  incident  prevention  and 
emergency  response  activities. 

Local  industrv  is  a  valuable  sdurce  of  teehnt'logical  expertise,  emergency  response  equipment,  and 
containment  materials. 

L.evsnns  [.earned  provides  information  on: 

1.  getting  started  in  HAZMAT  safety  management: 

2.  surveying  llAZ.MAT  transportation  and  condueiing  a  hazard  analysis; 

.4,  assessing  incident  prevention  and  response  capabilities; 

4.  developing  LlAZ.MAT  contingency  plans;  and 

implementing  and  updating  HAZMAT  safety  programs. 

RSPA  provides  guidance  to  cities,  counties,  and  regions  lor  response  and  incident  prevention 
planning  involving  hazardous  materials,  particularly  tr;insport;ition  incidents. 

0.7  L.S,  COAST  GUARD  (USCG) 

There  is  close  connection  between  the  I  SCCi,  the  OSCs,  and  slate  and  U'eal  agencies  in 
incident  response  acliviiies.  (ySCs  develop  Lederal  Local  Contingency  Plans  (L(  Ps),  which  provide 
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tor  responses  that  tire  ci'ordintited  with  slate  and  Ideal  en\ ironinenial,  lire,  emergenev,  and  disaster 
tieeneies. 

The  I  S(Ti  prosides  the  National  Strike  Foree  (NSf-)  (see  Sect.  6.4)  and  the  Public 
Inlorniation  .Assist  Team  (Pl.AT).  The  NSF  consists  of  three  strike  teams,  which  respond  to  both 
^o.isial  tind  inland  spills  at  the  request  of  an  OSC.  The  teams  can  proside  technical  assistance  and 
adsiee,  ,is  well  as  sjvcitili/ed  response  equipment  if  adequate  resources  are  not  otherwise  asailable. 
The  Pl.AT  eonsists  of  public  affairs  specialists  who  are  available  to  assist  OSC's  and  regional  or 
di'-iriet  olliees  to  meet  the  heasv  demands  for  public  information  and  participation  which  often 
.issompans  major  incidents. 

rite  National  Response  ('enter  (see  Sect.  6.2)  established  in  1674.  is  administered  and  staffed 
b\  the  I  SCCj.  d'he  FAVPCA  Spill  Reporting  Regulations  and  the  NC'P  designate  the  NRC  as  the 
prim, try  location  for  reporting  pollution  incidents.  The  NRC  receives  toll-free  telephone  reports 
trom  every  state,  Puerto  Rico,  Guam,  and  the  U.S.  Virgin  Islands  and  then  relays  the  reports  to  the 
■  ippropriate  I  SCG  or  E'PA  OSC  and  other  federal  agencies  by  tigrecmeni.  In  addition  to  relaying 
noiificaiions  of  pollution  incidents,  the  NRC  also  provides  limited  advice  (e.g.,  product  information) 
and  btiekup  communietitions  support  to  all  response  personnel  through  the  OSC.  Responders  can 
also  access  four  computer  modeling  data  ba.ses  through  the  NRC.  These  data  bases  can  be  used  to 
ideniilv  such  thing:.  the  potential  hazard  zones  resulting  from  a  chemical  spill.  Additionally,  the 
NRC  IS  dala  linked  to  CHF.MTREC,  a  service  of  the  Chemical  Manufacturers  Association,  which 
is  a  centralized  chemical  emergency  response  information  source  (see  Sect.  9.2). 

The  L'SCG  also  promulg.iles  the  Chemictil  Hazards  Response  Informtiiion  System  (CHRIS) 
manuals.  .Although  the  CHRIS  .Manuals  were  developed  for  use  by  USCG  personnel,  they  are  also 
u^ed  evler.sivel’,  h\  stale  and  local  responders  and  are  available  It'r  public  sale  through  the  U.S. 
Govurnmeiit  Printing  Gfl'ice. 

The  I  SCG  IS  mvi'lved  in  a  number  of  phinning  efforts  to  enhance  federal,  state,  and  local 
[ireparedness  to  respoml  to  oil  and  httzardous  substance  incidents,  including  pariieiptition  on  the 


National  Response  Team  (see  Sect.  6.3).  The  L'SCG’s  responsibilities  in  the  lederal  response 
mechanism  include  de".cl>'.pment  ;ind  or  review  of  lederal  eoniinaenev  plans  at  the  national,  regional, 
and  local  levels.  .Along  with  other  members  of  the  NRT,  the  I’SCG  recommends  and  ctmsiders 
possible  revisions  to  the  NCP.  Each  RRT,  for  which  the  L'SCCj  provides  the  Co-chair,  is 
responsible  for  maintaining  a  Federttl  Regional  Conlingencv'  Pkin  (RCP).  An  RCP  contains 
intormaticin  on  services  and  resources  that  are  typieallv  required  bv  an  OSC  but  are  not  necessarilv 
■ivailable  at  the  local  level.  The  RRT  is  also  ehtirged  with  evaluating  the  effectiveness  of  the  RCP 
and  Federal  l.oeal  Contingency  Plans  (LCPs)  for  pollution  incidents.  A.s  discussed  in  the  previous 
section  on  incident  response,  I'SCG  OSCs  develop  LCPs  within  their  /<'ncs  (d  responsibilitv.  An 

l. CP  IS  normally  tin  action  plan  which  addresses  such  m. liters  as  the  most  iMob.ible  location  I'or 
pollution  incidents,  the  availability  of  locttl  response  equipment  and  jX'isonnel,  ;ind  sensitive 
resources  requiring  protection. 

b.S  DFPART.MENT  OF  l.ABOR  OCCrP.ATION AL  HFAl.TH  AND  SAI'i:  IN’ 

AD.MINISTRATION  (OSHA) 

The  proposed  OSl-l.A  empU'vee  protection  standtirds  (see  Sect.  .■v.7..s)  will,  when  linali/ed,  ctner 
an  estimated  1.2  million  workers  who  mantige  and  clean  up  ha/ardous  wastes  and  conduct 
emergency  responses  to  ha/ardous  substances.  OSH.A  w;is  required  to  promulgale  a  rule  for  these 
standards  under  Sect.  126  of  SARA.  The  proposed  rule  includes  provisions  for  the  protection  of 
workers  engaged  in  ha/ardous  operations,  including  provisions  for  saleiv  and  health  programs,  site 
control,  training,  medical  surveillance,  personal  protective  equipment,  engineering  control, 
inlorrmilion  programs,  decontamination  procedures,  and  emergenev  response  plans.  When  finali/ed. 
these  si.mdard.'  will  i.,Aer  worker;-,  pcriorming  clean-up  <'p<.'rations  at  h.i/ardous  waste  sites,  workers 
at  R'.  RA  legiilaied  lieatmenl,  storage,  and  disjrosal  facilities,  and  members  of  |iri\aie  hazardous 

m. itcri.ils  response  teams.  SARy\.  Sect.  126(f)  also  requires  that  FP.-\  adept  standards  identical  to 
the  <)Stl.-\  standards  to  protect  slate  ;ind  municipal  eniplovees  (surh  as  lirclighicrs,  police,  and 
emergency  medical  tetims)  involved  in  ha/ardous  substance  ojrerations  in  states  that  do  not  have 


CJSH A-apprcnod  job  health  and  safety  prt'ertims.  States  that  do  have  these  OSHA-appro\ed 
[iroerams  must  adopt  standards  eomparable  to  the  OSHA  s'andards. 

In  Januars  19S6,  OSHA  set  up  a  pilot  inspeetii>n  prottram,  the  Chemieal  Speeial  Emphasis 
Program  (Chem  SEP),  whieh  is  I'oeused  on  plants  produeing  highl\  toxic  ehemiealsc'  The  OSHA 
inspectors  eamduct  more  thorough  inspections  than  the  typical  OSHA  chemieal  plan'  inspiection. 
Howeser.  since  this  is  onlv  a  pilot  prerjeet.  only  about  SO  inspections  \sere  planned  (IOiS6),  which 
is  a  small  fraction  of  the  total  Hnited  States  chemical  plants  (estimated  at  approximately  lO.OOO). 
the  actual  plants  inspected  at  the  program  completion  numbered  40  since  the  OSHA  inspection 
resources  were  seserely  strained  by  the  effort  (each  spent  .m  average  of  oSo  h  per  inspectiou). 

Results  of  the  inspections  indicated  that  many  of  the  problems  in  the  plants  discovered  by  the 
te.ims  were  not  regulated  bv  specific  rules  and  had  to  be  cited  under  the  OSHA  Act  General  Duty 
C  lause.  The  number  of  genertil  violations  has  resulted  in  an  appraisal  for  additiimal  regulations  by 
OSH.A.  For  example,  a  standard  will  he  considered  which  will  require  laeiliiies  to  monittm  for 
releases  of  certain  chemicals  such  as  chlorine,  carbon  monoxide,  and  phosgene. 

OSH, A  regards  the  Chem  SEP  project  as  successful  frtmi  a  policy  standpoint,  and  they  plan  to 
t.'ike  the  following  litvjs  of  action  as  a  result: 

1.  to  decelop  a  more  system-wide  approach  to  the  vhort-term  needs  ei|  the  agency  and  the 
industry  for  preventing  catastrophic  ha/m;it  releases;  and 

2.  to  develop  over  the  long  term,  a  set  of  regulations  that  "consider  the  chnamies  ol  the  chemical 
mdustiy."  OSHA  believes  that  the  availability  of  information  on  ha/mats,  employee  training, 
and  community  awareness  will  be  more  effective  th.in  occasional  OSHA  inspections. 

f,:>  NATIONAL  OCEANIC  AND  ATM0SPHI:RIC  AD.MINISTRATION  (NOAA) 

HAZARDOI  S  MATERIAI,S  RESF’ONSF.  BRANc  ii 

NOAA  IV  charged  in  the  National  Contingency  Plan  (see  Sect.  5)  with  providing  assistance  to 
the  I'.S.  Coast  Guard  (I'SCCi)  on-scene  coordin.ition  (OSCs)  during  oil  and  ha/ardous  material 
incidents.  ''  This  function  is  performed  by  a  scientific  suppi'rt  coordinator  (SSC)  who  serves  as  a 
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member  of  the  OSC’s  staff  when  requested  during  a  response.  The  SSCs  are  available  to  act  as  the 
principal  liaison  between  the  OSC  and  the  scientific  community  by  coordinating  responses  to  OSC 
requests  for  assistance  from  scientists.  Most  incidents  handled  by  the  USCG  concern  vessel 
collisions  and  port  transfer  accidents.  However,  the  SSCs  occasionally  become  invoKed  as  well  in 
oil-well  blowouts,  railroad  and  industrial  facility  accidents,  and  problems  at  waste  sites. 

The  SOAA  Hazardous  Materials  Response  Branch  meets  this  respemsibility  with  a  team 
organized  to  meet  needs  and  questions  24  h  per  day.  Regional  SSCs  based  throughout  the 
I'nited  States  are  supported  by  team  specialists  in  computer  communications,  environmental 
resources  -  at  rislry  physical  process  monitoring,  chemical  data  interpretatitm,  personal  safety,  and 
human  health.  Problems  invoKing  dangerous  chemical  substances  require  extensive  use  of  all  these 
specialties. 

In  order  to  provide  rapid,  yet  complete,  information  on  chemicals  involved  in  spills,  NOAA  has 
developed  a  Chemical  Advisory  Report  (CHEMREP)  System.  These  standardized  one-page  reports 
are  designed  tt)  provide  the  SSC  and  the  OSC  with  a  summary'  of  relevant  interpretations  and 
conclusions  from  chemical  data,  as  well  as  listings  of  selected  data. 

The  system  uses  computer  storage  and  electronic  mailing  technology  to  allow  transmission  of 
existing  CHEMREP  to  the  scene  within  minutes  after  notificatkm.  When  a  chemical  release  not 
included  in  the  CHEMREP  files  occurs,  a  new  report  is  compiled  for  transmission  within  1  or  2  h. 

The  CHEMREP  system  has  been  u.scd  in  many  types  of  chemical  accidents.  A  CHEMREP  can 
either  supplement  other  existing  sources  of  information,  such  as  CHEMTREC  (see  Sect.  9.2),  or 
in  some  cases  replace  them.  Some  types  of  information  arc  intentionally  not  included  in  a 
CHEMREP.  Manufacturer  contacts  and  details  concerning  a  product's  transpimtation  history  are 
available  from  CHEMTREC,  so  they  arc  not  included.  Also,  the  detailed  techniques  fur  response 
mitigation  arc  also  omitted  since  they  may  be  specific  to  each  particular  situation  and  rely  on  details 
available  onlv  to  the  on-scene  responders.  The  system  became  operational  in  October  19H’  and 
since  that  time,  the  original  file  of  60  reports  has  been  expanded  tit  a  rate  of  about  2  per  week. 
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7  STATE  OF  rENNESSEF 

states  currently  have  state  emergency  response  ergani/atiens  and  are  required  to  establish 
state  emergene^  commissions  under  SARA  Title  111.  Since  the  organizational  picture  at  the  state 
and  lixal  lesels  is  in  camsiderable  llux,  an  overall  assessment  is  not  possible  at  present.  Howeser, 
to  provide  insight  into  one  of  the  more  aggressive  and  comprehensive  state  programs,  we  have 
'elected  the  Tennessee  Emergency  Management  Agency  for  detailed  assessment. 

The  State  of  Tennessee  instituted  its  Tennessee  Emergency  .Management  Agency  (TEMA)  in 
Ef.s  just  after  the  railroad  disaster  at  Waverly,  Tennessee.  This  incident  occurred  op.  February  .’’4, 
I'ES,  when  a  single  jumbo  railroad  tank  car  carrying  27,.S71  gal  ol  liquilied  piaij’iane  gas  ruptured, 
e.iusing  a  boilinii  liquid  expandint:  vapor  explosion  (BLEVE)  in  di'vvntovvn  Waverly,  Although 
derailment  of  the  ear  had  occurred  40  h  prior  to  the  explosion,  an  almost  eotnpletely  ineffective 
evacuation  'vvas  in  force  when  the  explosion  took  place.  An  initial  evacuation  ol  t'x'  area  within  440 
vd  of  the  car  had  been  ordered;  but  by  the  time  the  explosion  occurred,  only  an  area  of  three  city 
blocks  was  barricaded.  However,  some  businesses  were  allowed  to  operate  in  that  area.  For 
example,  a  tank  truck  unloaded  9<MK)  gal  of  gasoline  to  an  oil  storage  depot  less  than  one  block 
from  the  car  shortly  before  the  explosion.  Consequently,  the  explosion  killed  16  people  and 
'criously  injured  more  than  50  and  has  resulted  in  personal  injury  suits  seeking  in  excess  of  S.^62 
million  in  compensatory  and  punitive  damages. 

At  present,  TEMz\  is  considered  one  of  the  foremost  state  emergency  operations  in  the  country. 
One  incentive  for  this  is  that  Tennessee  is  located  in  the  federal  region  (Region  4)  experiencing  the 
ne.xt-to  highest  number  of  hazardous  materials  incidents  during  EJ8.4-19X4.  (Region  5,  midw'cst,  had 
the  greatest  number  of  incidents.)  Tennessee,  which  is  a  major  producer  ol  hazardous  chemicals, 
IS  crossed  bv  numerous  interstate  highways  and  tail  lines  used  by  the  law  maleiiais  and  bulk 
ehemie,ils  producers  of  the  southern  and  southwestern  United  Slates  and  by  the  chemical 
manulaclurcrs  and  processors  of  the  northeast.  It  is  also  ;in  area  ol  considerable  growth.  There 
IS  little  diHib!  that  Tennessee  will  continue  to  experience  more  than  ils  share  ol  potential  f('r 
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tui/.irJi'us  maicrials  cnicrccncics.  llic  lollDwinc  description  of  the  TEMA  t'reani/ntion  and  its 
aeiiMiies  was  priwided  b\  TEMA.'  ' 

THMA  has  been  given  responsibilitv  for  hazardous  materials  emergency  planning,  training, 
response,  coordination,  and  reeoverv  at  the  slate  level.  The  aim  of  the  program  is  to  increase 
re.i  Jiness  op  all  levels  of  state  and  local  government  to  a  point  v.here,  in  the  event  of  a  hazardous 
niaieri.ils  eriKrgenvw,  there  will  be  no  avt'idable  k'ss  of  life  or  injury  and  minimum  property  loss, 
lo  accom[ilish  this  aim.  TE.MA  has  established  an  e.viensive  training  program,  and  has  put  into 
operation  an  emergerKw  response  pl.m  which  involves  TEM.-\  personnel,  other  stale  .igencies,  and 
!o^,il  response  teams. 

['he  'state  Ernereenev  Operations  Center  (SEOC)  is  maintained  bv  I  I  AIA  and  is  m.inned  24 
h  ;i(.r  u,i\,  I'hrough  the  state-wide  et'mmuniealions  net.  the  SEOC  m.iv  be  contacted  by  radio  or 
'slv  phi'tie  liom  anv  point  in  the  si.ue.  i'he  SEOC,'  duly  officer  is  trained  in  the  b.is^s  of  hti/ardt'us 
III, liv  rials  Oisinisirv  ,ind  has  access  to  an  extensive  reterenee  libr.iiy  ol  h,i/ardous  materials 
in!' nm.ition.  riierc  o  ,i  t’h D,  shetnist  on  the  I'E.MA  staff  who  is  on  24-h  call  lor  eonsultaliixn. 
in  addition,  luiison  is  ni.iini.nticd  with  phvsieians.  toxicologists,  other  ehemisis,  and  state,  federal, 
.md  indiistrv  experts  lor  emergency  eonsult.ition.  The  duty  officer  is  also  tiained  lo  loetile  ehemiatl 
manul.ieturers  .md  other  ptirties  directly  eoneerned  with  the  involved  materials.  Through  these 
vhannels,  the  most  complete  information  may  be  provided  to  the  scene. 

In  many  cases,  local  responders  require  more  direct  assistance.  In  these  events,  a  TEMA  Field 
Services  Coordinator  is  dispatched  lo  the  scene.  f'ield  Services  C'oordinators  arc  stationed 
throughout  ihe  state  at  locviiioiis  that  allow  ttrrival  at  anv  scene  within  I  h  alter  notification.  These 
(  oimdinators  are  certified  hazaidous  niaienals  technicians  with  more  Ihtin  2(M)  h  ol  specialized 
irainina.  I  hev  are  equipped  with  personal  protective  gear  and  have  access  lo  h.izardous  materials 
v.ms  which  carrv  spcci.il  equi|iment  worth  more  than  STl.tHKI.  Once  on  the  scene,  the  coordinator 
provides  support  and  assisiaiice.  or  at  Ihe  request  ol  the  loetil  commander,  he  will  assume  eomnutiid 
and  serve  ;is  the  on  scene  eooiclinaU;.". 
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To  implement  the  SARA  Title  HI  Slate  and  local  gttvernment  pnnisions,  (sec  Sect.  7.1), 
Governor  MeWherter  issued  Executive  Order  No.  7  on  April  I,  19<S7,  which  established  the 
Tennessee  Emergene-v  Response  Council  (TCRC).  TCRC  is  comprised  of  the  Director  of  TEMA, 
uho  serves  as  chairman,  and  the  commissioners  of  the  Tennessee  Department  of  Labor  and  the 
Department  of  Health  and  Environment.  The  organization  of  TERC  is  illustrated  in  Eig. 

The  Hazardous  .Materials  Advisory  Committee  is  responsible  for  providing  advice  and  guidance 
in  the  folktwing  functional  areas:  emergency'  planning  and  notification,  community  right-to-know, 
and  toxic  chemical  release  reporting.  The  Committee  members  will  be  provided  a  Title  HI  prttgress 
report  twice  annually. 

The  Tennessee  Emergency  Management  Agency  is  responsible  under  Title  HI  Seelitai  302(C) 
for  receiving  and  prcKcssing  the  notification  letters  from  the  owners  and  operators  of  facilities  that 
have  extremely  hazardous  substances  on  their  premises.  A  list  of  Section  302  facililies  -  by  county 
-  has  been  furnished  to  each  local  emergent7  planning  committee.  TEM.A  regional  directors  will 
be  provided  with  a  list  of  facilities  in  their  respective  regions  to  assist  in  the  formation  of  local 
commtttees,  As  indicated  in  Fig.  3,  TEMA’s  three  regional  offices  will  be  responsible  for  the 
implementation  of  the  Title  HI  program  at  the  local  level. 

In  Tennessee,  emergency  planning  districts  are  comprised  of  county  boundaiies,  pending  final 
e's.in  :n.i'ion  ol  the  number  and  distribution  of  facilities  in  the  state.  Each  planning  district  (county) 
niU't  ^c  .rved  b\  a  local  emergency  planning  committee.  In  the  future,  it  m;iy  prove  efficient  to 
Jc'icn.iie  multKouniy  planning  districts  if  there  are  relatively  few  facililies  over  a  multicounty  area, 
f'l. inning  boundaries  are  Hexible  and  can  change  to  accommc'date  unique  charticteristics  and 
lequirements.  TERC  is  responsible  for  appointing  members  of  a  Local  Evmergency  Planning 
('ommittee  (LEPC)  for  each  district.  Title  HI,  Sect.  ,3()2(C)  of  the  l;tw  identifies  the  groups  and 
organizations  that  should  be  represented  on  the  local  committee. 

TFvRC  IS  responsible  for  the  coordination  and  supervision  of  emergency  planning  efforts  at  the 
local  level,  which  will  culminate  in  the  completion,  testing,  evaluation  ;ind  ap[iroval  of  local 
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omcrgijpa'  response  plans  by  October  17.  |6S<S.  The  LEPCs  will  prepare  a  Uteal  emergency  response 
plan  that  incorporates,  at  a  minimum,  the  nine  planning  elements  that  are  set  forth  in  Title  Ill, 
Section  303(C).  A  Guidance  Document  for  Title  III.  prepared  by  TEV1A.  is  the  reference  document 
for  local  gosernment  and  industry  in  the  preparatiem  rrf  local  plans.”*  The  Guidance  Document  tor 
Title  III  provides  a  six  step  process  for  preparing  the  local  plan. 

TEMA  is  responsible  for  managing  state  and  local  emergency  preparedness,  response,  and 
recovery  functions,  as  outlined  in  the  Tennessee  Emergency  Management  Plan  (TEMP).  The  TE.MP 
and  local  Emergency  Operatirms  Plans  (EOPs)  are  the  officially  adopted  documents  that  authorize 
and  direct  emergence  operatiims  in  Tennessee. 

The  primarv  point  of  coni  act  with  LEPCs  will  be  TEM.A’s  Ihree  regi'.Mial  offices.  .Assistance 
IS  to  be  proMcle  in  the  lollowing  areas:  (1)  planning:  (2)  training;  (3)  exercising;  and  (4) 
dew'iopnicnt  of  emergency  m^tification  pn'cedures  as  required  under  1'itle  III.  Section  304.  'Fhe 
L.IfPCs  will  submit  their  local  emergency  response  plan  to  the  TEMA  Regional  Director  in  their 
region  lor  reciew,  and  the  Tennessee  Emergency  Response  Council  will  formally  approve  the  local 
emergency  response  plans. 

Implementation  ol  the  training  provisiims  of  Title  11!  will  invidce  input  from  a  brtxid  range  ttf 
groups  and  disciplines,  including  state  and  local  elected  officials,  emergency  response  personnel, 
media,  en\ ironmenlal  groups  and  business  and  industry.  The  Title  111  training  program  is  designed 
to  meet  the  needs  of  these  groups. 

ditle  III  training  is  organized  into  lour  categories  to  renecl  the  requirements  of  various 
organizations: 

1.  Hazardous  Materials  Contingency  Planning  C'our.sc  (32  hours)  -  This  course  is  i;irgeled  toward 
LEPC  members  and  is  designed  to  provide  all  the  necessaiy  tools  for  deceli'ping  ;ind  testing 
local  emergency  response  plans. 

2.  ritlc  III  Vi'orkshops  -  A  scues  of  workshi'ps  (3  h)  will  be  held  in  ilie  three  rcj;ions  and  will 
locus  oil  the  administrative  and  org.iniz.iiioiia'  as|X'cls  of  I'ille  111. 
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\  Public  OlllcuiN  ('onicrcncc  (4  hi  -  A  scricN  cu  i’ublic  (DlliciuK  Conlciciiccs  will  he  held  aerc'ss 
;he  n'uUc  ti'  exumuie  the  pri'stress  and  ('pporiunilies  associated  v.ith  'I'ltle  111. 
ila/ardous  Materials  Technical  Training  -  rF.M.A  is  curientlv  utidertakitig  ;i  cornprehen.sive 
•ucx.im:;  ,;iioii  ol  ihe  si.ue's  ha/aidoiis  materials  preparedness  and  response  tor  I'ixed  facilities 
.ts  sui!  as  I [ansf'ortatiiUMclated  iniideiiis.  It  is  anticipated  tltat  a  tcshnicalK  oriented. 

'.'uJ.'Us  niaterrds  tr.iinnin  [iioar.ini  vxill  be  dexeloped  in  the  t.ill  ol  P'N.s.  I  he  courses  will 
'.ncori'oratc  vXistins'  irainina  materials  into  a  rexised  pri'cr.iin  that  losioes  (ui  the  on-scene 
in.inagcnient  of  iia/ardous  malertals  accidents. 

Tk  iinessee's  *i.s  enici  cencx  plannina  districts  have  l''ecn  phned  int>'  ihicv  saiccoiics  of  critnalitv : 
f;  c'".  '■ncxliunt.  and  low,  'I'hc  rttnking  of  i'entiessee's  jil.uining  distrisis  will  .Plow  .i  ]m loriti/tuion  for 
o.iitc’iC  and  ediisaiion.  Three  consideratii'iis  were  used  in  determining  a  eountv's  ranking:  (1).  the 
ot  lasilities  respondin'.’,  i''  I'llle  III  rep'iriing  rev|uirenieni.  i .' i.  the  level  of  training  in 
i.a/.i'xlous  lOuUe'riaN  as  determined  bv  ,i  sOai'.  o'lidueied  i’v  l  iM.A's  region. il  ''lines,  and  (.'),  the 
I  '  i  lep.irted  incidents  at  lixc'.l  h.i/.irJoiis  m.iien.iK  l.iciliiie'. 

’  '  lei  hPe  ill.  Se.ir.’ii  '14.  I.ieiliiies  niu'i  imituxli.iieiv  noiilv  the  (  omnuinitv  Hmergenev 
t  c  'ixlina'or  't|  if.e  i,l  .iml  the  St. lie  ( ''imnu-.'ion  it  ihere  o  a  ix'le.oe  >'1  a  ii'ied  h;i/;irdous 
■  i.iiise  itiai  exceeds  the  i'e jn'rlai'le  eju.iniiiv  lot  lik'  subsi.inec.  In  ihe  event  id  a  relcxise  of  a 
:  .|e!i.;l  le  ejuantiiv  ''f  a  hazardous  substance,  a  laeilitv  ''wner  must  noiilv  the  Ci'inmunity  Emergenev 
'  ■ '[..iin.in -r  lor  ihe  i  l-.l’C  in  the  C'>nniv.  as  well  as  ihe  Tennessee  Emeicencv  M.inagement  .Agenev. 

i  iM.\  Will  ni.uniain  ,i  lile  on  emeraeiH'v  noii  icali>iits  Ironi  laeilitv  owneis  aiul  ''per.ilors.  including 
Ol  .'tll!'.'!  lolk-.w  u;i  n.itiee  whi'.h  |s  reejtlircel. 

!  b.e  iiii'-  111  (  onimiiniiv  Kichi  to  Know  Piovision  iSccih'ii  Mil  ri'iuires  ih.ii  I. iciliiics  within 
■s'.iad.-.rJ  Irnlnsii  !.,!  (  i.issiii'.uiori  ibK  'i  eoeies  2d- o'l,  winch  mils'  pie|',iie  ''i  have  .iv.iil.ible  .M, Penal 
s.ii.  iv  [t.it.i  Mieeis  (MSUsi  under  the-  Oeeupational  SaUdv  aiul  lle.ilih  .•kelmmisii.iiion  (OSH.Ai 
:  I  a  u  I  II  r 'll  s ,  U'  -ul'niit  eiilKi  eo['Ks  ir|  its  MSIkS  i>i  a  list  ol  visits  ehenne.iis  U'  il)  the  Si.iie 
(  :i'’ni's"'ii,  (2)  'fie  loe.il  comm. lice,  .iml  (M  the  K'e.il  liie  ele  |',u  inie  ill.  W  lu  n  Iille  111  w.is 


UNCLASSIFIED 


EftSUIJPS  rtf  HA2flWt)tJ5  CHEHICAtSttJ)  O^IMOGE 
NATIONAL  LAB  TN  J  H  HOLNES  ET  AL  APR  89  0RNL’E492 
FEHA-84-E-1737 


65 


enacted,  the  OSHA  HC  Standard  applied  only  to  manufacturers  and  importers  of  hazardous 
chemicals  within  SIC  codes  20-39.  On  August  24,  1987,  OSHA,  acting  under  court  order,  issued 
a  final  ruling  extending  the  HC  standard  to  all  employers,  thereby  making  nonmanufacturers  subject 
to  these  requirements. 

TE.MA  is  responsible  for  the  following  aspects  of  Section  311:  (1)  receiving,  processing,  and 
storing  Section  31 1;  (2)  distributing  the  Section  311  reports  to  local  emergency'  planning  committees 
and  fire  department;  (3)  answering  inquiries  from  facility  owners  and  the  public  on  MSDSs  and 
other  aspect.N  of  Sect.  31,  and  (4)  updating  information  on  the  Section  311  reports,  as  provided  by 
facility  owners  and  operators. 

The  Tennessee  Department  of  Labor  is  responsible  for  the  following:  (1)  Furnishing  TEMA 
with  a  list  of  facility  owners  (SIC  codes  20-39)  and  (2)  answering  inquiries  from  facility  owners  that 
are  technical  in  nature,  particularly  questions  related  to  specific  chemicals. 

In  summary,  response  to  the  SARA  Title  III  by  the  State  of  Tennessee  has  been  established 
through  the  policies  and  procedures  as  outlined  in  TEMA’s  Policies  and  Procedures  Guide.’’’  The 
six  functional  areas  of  Title  III  comprise  the  Tennessee  program  include: 

1.  Program  Management, 

2.  Emergency  Planning, 

3.  Training, 

4.  Emergency  Notification, 

5.  Community  Right-to-Know,  and 

6.  Toxic  Chemical  Release  Reporting. 

The  responsibilities  of  TEMA,  TERC,  the  LERCs,  and  facility  owners  and  operators  fall  under  the 


above  six  areas. 


S  I,0CAL  RF:^G10NAL  RESPONSIBILITIES  -  MEMPHIS  SI lEL.BY  COUNTY,  TENNESSEE 


The  Mcmphi^  Shdbv  Cnjnty  arc:;  is  ihc  sixth  largest  distributiiin  center  in  the  United  States; 
it  is  a  majiH  transportation  hub.  There  are  two  major  interstate  highways  and  a  number  of  U.S. 
highways  that  intersect  at  Memphis.  Six  major  railroads  maintain  large  switching  and  repair 
facilities  in  Memphis.  The  Mississippi  Riser  is  utilized  for  1.^. ()()().( HID  tons  of  cargo  per  year  at  the 
Port  of  Memphis  and  122,(HK),(K)0  tons  of  llow-by  tralfie.  Because  of  the  transportation  lacilities 
and  geographic  kication,  Memphis  is  a  center  for  the  manufacture  and  distribution  of  hazardous 
materials  products.  Sixtv-eight  major  motor  carriers  have  lermintils  in  Memphis.  '' 

The  fiiliowing  uesenption  of  the  Memphis  Shelby  County  irutgrams  was  extracted  from  DOTs 
Lessons  Learned.-' 

The  major  .Memphis  ha/mat  concern  began  in  1976  and  1977  with  increasing  transportation 
accidents  involving  ha/mals.  Some  City  Division  of  Fire  Serxices  personnel  were  trained  on 
handling  ha/mat  transportation  incidents  before  the  demonstration  project  was  initialed,  and  two 
ha/.mat  React  Teams  were  organized  and  trained  in  1978.  A  train  derailment  in  Wynne,  Arkansas, 
with  toxic  and  flammable  liquids  proved  to  be  a  valuable  learning  experience.  .As  a  result  of  the 
Wynne  incident,  it  was  decided  that  the  React  Teams  needed  belter  training.  Chief  officers  in  the 
Division  of  Fire  Services  also  needed  to  be  trained,  and  a  highly  specialized  group  was  needed 
within  the  division  to  serve  as  staff  and  resource  officers  at  hazmal  incidents.  A  liquefied  petroleum 
gas  explosion  in  Waverly,  Tennessee,  reaffirmed  the  conclusions  reached  after  the  Wynne  incident. 

As  the  numbers  of  incidents  increased  and  a  significant  incident  occurred  within  the  city  in 
1979,  local  concern  led  to  the  formation  of  a  volunteer  task  force.  This  group  was  charged  to  define 
hazardous  materials  problems  that  can  affect  the  citizens  of  the  Memphis /Shelby  County  area  and 
to  suggest  strategics  to  further  define,  evaluate,  and/or  solve  problems. 

Task  force  findings  showed  that  there  are  large  amounts  of  hazardous  materials  in  storage  and 
transported  through  the  area.  While  the  air  and  river  traffic  seemed  to  be  free  of  significant 
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incidents,  problems  were  detected  with  materials  transported  by  rail  and  highway.  Recommendations 
of  the  task  force  led  to  a  DOT-sponsored  demonstration  project,  which  included  three  broad  phases: 

1.  Phase  1  was  designed  to  determine  the  area’s  existing  capability  to  prevent  and  respond  to 
ha/iirdous  materials  incidents. 

2.  Phase  2  included  plans  and  strategies  to  prevent  ttr  respond  to  hazardous  materials  incidents. 

3.  Pha.se  3  encompassed  the  development  and  implementation  of  a  hazardous  materials 
management  program. 

Conceptually,  this  project  relied  on  a  basie  research  design  of  pretest,  treatment,  post  test  with 
1  primafy  emphasis  on  cmergencv  iC'^ponse  capabilities.  The  operating  mechanism  for  activities 
under  this  project  was  a  local  advisory  council  staffed  by  volunteers  from  industry,  government, 
educational  institutions,  emergency  response  agencies,  and  a  private  consulting  firm  under 
subcontract  to  the  Memphis  Fire  Services  Division.  The  advisory  council  was  called  the  Memphis 
Shelby  County  Haziirdous  Materials  Advisory  Council  (HMAC).  The  HMAC  was  a  reorganized  and 
reactivated  versi(m  of  the  original  task  force  established  prior  to  the  demonstration  project.  The 
HMAC  Chairman  is  a  member  of  the  Memphis  City  Council,  and  the  Vice-Chairman  is  a  member 
of  the  Shelby  County  Commission.  Agencies  represented  include  the  Division  of  Fire  Services, 
police  department.  County  Civil  Defense,  the  Memphis  State  Law  School,  University  of  Tcnncs.sce, 
local  industry,  and  federal  agencies.  Six  operation  committees  were  organized  under  the  HMAC  for 
a  total  membership  of  140  persons. 

The  HMAC  plan  identified  actors  and  their  roles  in  a  hazmat  emergency.  Specific  areas  of 
responsibility  were  designated.  The  Division  of  Fire  Services  was  given  the  lead  responsibility  in 
hazmat  responses  within  the  county;  roles  for  the  police  department  and  the  emergency  medical 
services  were  also  defined.  The  project  also  identified  a  model  mutual-aid  agreement  that  could  be 
u.seful  in  other  geographic  areas.  The  pretest  and  post  test  activities  were  conducted  in  the  form 
of  county-wide  drills  involving  a  simulated  derailment  of  tank  cars  of  hazardous  materials  and 
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atordinaied  responses  by  ihe  various  emergency  response  organizations  within  the  Memphis/Shelby 

County  area. 

The  first  county-wide  drill  involved  over  4()()  people,  17  agencies,  and  10  hospitals.  It  focused 

on  three  basic  areas; 

1.  coordination  of  responses  to  the  accident, 

2.  rescue  and  handling  of  victims,  and 

3.  diagnosis  and  treatment  of  victims  with  acute  chemical  exposures. 

Communications  failures  plagued  all  aspects  of  the  drill  and  contributed  to  other  failures  to  act. 

The  drill  pointed  out  the  need  for  better  communications  capability,  planning,  training,  cooperation, 

and  coordination  in  hazardous  materials  emergency  response  activities. 

Phase  3  of  the  Memphis  HMAC  Project  focused  on  four  major  areas: 

1.  Ha/.mat  information  system  -  Memphis  cstabli.shcd  a  hazardous  materials  information  system 
which  would  serve  as  a  reference  for  response  staff  in  a  hazmat  incident.  The  information 
system  contains  information  on  the  type  of  chemicals  handled  at  stores  and  generator  facilities 
and  identifies  the  characteristics  and  properties  of  chemicals.  The  information  system  also 
identifies  local,  state,  and  federal  resources  for  hazmat  incidents. 

2.  Training  -  Memphis  conducted  training  sessions  for  the  React  Teams  for  3.5  d.  A  general 
hazmat  training  prttgram  for  1450  emergency  response  personnel  was  conducted.  Response 
personnel  included:  fire  fighters,  who  u.sed  a  12-module  self-study  text;  law  enforcement 
personnel,  who  were  trained  by  an  instructor;  and  emergency  medical  services  personnel,  who 
were  trained  by  a  toxicologist. 

3.  Public  awareness  -  Memphis  developed  and  implemented  a  public  awareness  campaign  in  this 
phase.  Iniormation  on  hazardous  materials  in  the  Memphis/Shelby  County  areas  was  presented 
to  the  media  in  a  press  conference  and  through  participation  in  the  second  s’mula'.ion  drill,  and 
to  public  groups  through  speeches  by  HMAC  members. 


69 


4.  Second  simulation  -  A  second  simulation  drill  was  conducted  using  a  train  derailment  w'ith 
hazardous  chemicals.  The  simulation  pointed  out  the  need  for  a  better  communication  system 
to  transmit  data  on  hazmat  incidents  to  area  agencies.  It  was  also  found  that  public  awareness 
and  the  involvement  of  media  in  simulation  are  important  aspects  of  a  local  hazmat 
transportation  program. 

Formation  of  the  Memphis/Shelby  County  HMAC  has  coordinated  organizational  emergency 
respon.se  activities  at  the  federal,  state,  and  local  levels,  along  with  local  industries  such  as  DuPont, 
W.  R.  Grace,  and  others.  Results  of  this  program  have  produced  significant  improvements  in 
public  awareness,  development  of  emergency  response  capabilities  (REACT  Teams),  acquisition  of 
emergency  response  equipment,  development  of  mutual  aid  agreements,  coordination  of  emergency 
responses,  rescue  and  handling  procedures,  and  treatment  of  exposed  people  during  simulated 
emcrgenc7  drills.  Results  and  recommendations  of  the  project  can  be  summarized  as  follows: 

1.  The  information  system  and  data  base  inventory  were  crucial  to  planning  a  realistic  mobilization 
plan. 

2.  As  a  result  of  the  project  recommendations,  Tennessee  has  enacted  a  limited  "good  Samaritan" 
law  that  applies  to  incidents  involving  compressed  gases. 

3.  The  project  determined  that  a  planning  structure  that  incorporates  representatives  of 
government  agencies  and  private  firms  is  very  important  (the  advisory  committee  with  an 
extensive  committee  system  worked  very  well  for  Memphis). 

4.  The  project  team  used  the  demonstration  program  to  plan  and  conduct  extensive  training  of 
emergency  personnel  React  Teams,  and  the  private  sector  (the  city  developed  useful  training 
materials  for  each  major  segment  of  the  response  team). 

5.  The  two  simulations  were  major  achievements.  Simulations  are  very  useful  to  test  planning, 
coordination,  and  responses  to  hazmat  incidents.  Memphis  also  designed  an  extensive 
evaluation  system  to  judge  the  effectiveness  of  simulations. 
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6.  The  project  team  found  it  useful  to  cite  the  experiences  and  benefits  of  mutual-aid  agreements 
in  other  areas  when  the  city  was  trying  to  convince  local  governments  and  agencies  to  execute 
such  agreements. 

7.  The  second  simulation  drill  showed  very  significant  progress  when  compared  with  the  first. 
Significant  advances  were  noted  in  the  areas  of  appropriate  on-.scene  command  and 
tactics, emergent^  medical  operations,  personnel  protection,  communications,  and  transport. 
Certainly  the  emphasis  on  training  was  one  factor  that  contributed  to  this  improvement. 

In  summary,  the  Memphis  HMAC  project  is  considered  successful  in  that  it  has  demonstrated 
positive  improvements  and  the  need  for  continuing  efforts  to  maintain  an  effective  response  postuie. 
The  concepts  used  in  this  project  are  considered  adaptable  to  other  geographic  regions.  Of  the 
materials  developed  in  this  project,  some  are  readily  transferable  to  other  areas  while  some  may 
need  modification  to  suit  another  region’s  need.s.  The  primary  success  factors  in  this  project  arc, 
without  question,  adaptable  to  all  geographic  regions;  planning,  training,  cooperation,  and 
coordination. 

The  Memphis/Shelby  County  HMAC  plan  was  finalized  in  December  1985  and  the  organization 
was  involved  in  a  number  of  activities  in  1986,  including  several  emergency  simulations,  a  household 
hazardous  materials  collection  program,  and  an  extensive  public  relations  program. 
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9  INDUSTRIAL  AND  PRIVATE  INITIATIVES 
An  impressive  effort  with  respeel  to  emergenev’  response  planning,  training,  and  coordination 
has  been  implemented  by  industry  and  private  organizations  including,  but  not  limited  to,  the 
following;'- 

1.  Chemical  Manufacturers  Association  (CMA), 

2.  American  Institute  of  Chemical  Engineers  (AIChE), 

3.  Hazardous  Materials  Advisor)'  Council  (HMAC),  (not  the  same  as  the  Memphis/Shelby  County 
HMAC), 

4.  American  Petroleum  Institute  (API), 

5.  The  Chlorine  Institute, 

6.  American  Association  of  Railroads  (AAR),  and 

7.  National  Agricultural  Chemicals  Association  (NACA). 

9.1  CMA  COMMUNITY  AWARENESS  AND  EMERGENCY  RESPONSE  PROGRAM  (CAER) 
The  Community  Awareness  and  Emergency  Response  (CAER'  Program  of  the  CMA  provides 
extensive  technical  assistance  for  local  community  and  chemical  plant  emergcncY  planning.  The 
program  is  based  on  the  CAER  Program  Handbook,  which  provides  chemical  plant  managers  with 
guidance  on  achieving  community  awareness;  necessary  elements  of  emergency  response  plans, 
including  checklists  of  items  to  cover;  and  an  evaluation  matrix  for  identifying  strengths  and 
weaknesses  of  state,  local,  and  other  industry  plans  with  which  the  plant’s  plan  must  be 
coordinated.'”  Key  components  of  the  handbook  are  the.se  CMA  position  statements: 

1.  CMA  member  companies  have  a  responsibility  to  provide  information  on  hazardous  chemicals 
to  the  public.  This  information  should  be  tailored  to  the  needs  of  specific  groups  (e.g.. 
emergency  responders,  physicians,  general  public). 

2.  Trade  secrets  must  be  protected  while,  at  the  same  time,  providing  ncccs.sary  hazard  and  health 


care  information  to  the  public. 
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3.  Industrv',  slaic,  and  local  government  leaders  must  work  together  in  developing  community 
right-to-know  programs. 

Other  results  of  the  program  are  distributions  of  letters  and  Imoehurcs  describing  plant 
operations  to  community  residents,  safety  and  environmental  protection  programs,  community 
chemical  information  seminars,  and  one  major  corporation's  mailing  of  CMA  Handbooks  to  its 
4(X)  authorized  distributors,  along  with  a  request  that  these  distributors  join  the  CAER  program. 

9.2  CMA  CHEMICAL  TRANSPORTATION  EMERGENCY  CENTER  (CHEMTREC) 

Since  September  1971,  the  Chemical  .Manufacturers  A.ssociation  (CMA)  has  been  operating  a 
24-h  t(dl-frce  telephone  service  for  providing  technical  information  and  ttpcrational  support  during 
chemical  transportation  emergencies.  Although  CHEMTRECs  primary  mission  is  to  help  during 
transportation  incidents,  it  also  provides  support  for  chemical  hazardous  materials  emergencies  in 
nontransport  (c.g.,  fixed-facility)  situations. 

CHEMTREC  is  establishing  direct  contact  with  chemical  company  medical  personnel.  The.sc 
contacts  will  expand  CHEMTRECs  ability  to  provide  medical  advice  to  physicians  who  treat  those 
exposed  to  chemicals.  Another  value  of  CHEMTREC  is  its  link  to  the  mutual-aid  programs  that 
exist  for  some  products  and  matenal.s.  CHEMTREC  receives  many  calls  about  radioactive  materials 
transportation  incidents  and  relays  the  assistance  request  to  DOE  regional  response  facilities.  If  an 
incident  involves  the  chemicals  of  certain  CMA  companies  that  produce  such  materials  as  chlorine, 
or  a  pesticide,  CHEMTREC  calls  emergency  contacts  in  its  own  CHEMNET  mutual-aid  network, 
or  those  designated  by  the  Chlorine  Institute  or  the  National  Agricultural  Chemicals  zVssociation. 
The  emcrgent7  respon.se  networks  of  these  organizations  are  described  below. 

93  CMA  CHEMNET  NETWORK 

TTie  CHEMNET  mutual-aid  network  began  operating  on  November  1,  198.3,  and  is  designed 
to  provide  prompt  respon.se,  advice,  and  assistance  at  the  scene  of  serious  .Iicmical  transportation 
incidents.  It  has  more  than  50  participating  companies  with  emergency  teams,  2.3  subscriners  (who 


rcci'is'c  services  during  an  incident  from  a  participant  and  then  reimburse  response  and  cleanup 
costs),  and  4  emergency'  response  contractors.  CllEMNET  currently  h;ts  more  than  170 
geographically  dispt'rsed  emergency  response  teams  in  the  netwwk  and  is  expected  to  continue 
expanding.  Participating  ettmpanies  include  the  nation’s  largest  chemical  producers  and  transporters 
(e  g.,  DuPont,  Union  Carbide,  and  Dow  Chemical). 

The  CHEMNET  network  is  activated  when  a  member  shipper  cannot  respond  promptly  to  an 
incident  involving  that  company’s  products(s)  and  requiring  the  presence  of  a  chemical  expert.  If 
a  member  company  cannot  go  to  the  scene  of  the  incident,  the  shipper  will  authivri/c  a 
CHE.M.N'ET-contracted  emergency  response  company  to  proc-ed.  Communications  for  the  netwemk 
are  provid  'd  by  CMEMTREC,  with  the  shipper  receiving  notification  ;ind  details  about  the  incident 
from  the  CHEMTREC  communicator. 

9.4  CMA  CHEMICAL  REFERRAL  CENTER  (CRC) 

Another  technical  assistance  resource  of  the  CMA  is  its  Chemical  Referral  Center  (CRC)  for 
chemical  users,  chemical  trtinsporters,  and  the  public.  The  CRC  which  begtin  operation  in 
December  1985,  provides  safety  and  health  information  that,  for  exarnnle,  can  be  used  by  local 
emergency  response  planners  in  dealing  with  chemical  companies  who  are  not  CAER  members.  The 
CRC  operates  daily  from  8  a.m.  to  9  p.m.  (Eastern  Standard  Time).  CRC  operators  determine  the 
identity  of  the  product  being  inquired  about  and  use  this  information  to  provide  a  contact  at  the 
ettmpany.  In  most  cases,  the  information  is  provided  to  the  caller  in  the  form  of  a  material  .safety 
data  sheet,  plus  more  detailed  product  information  when  necessary.  Initially  the  CRC  can  link 
callers  to  producers  (vf  iivcr  1(X),00()  products,  but  plans  arc  in  progress  hm  the  chemical  information 
base  to  grerw  to  over  5(X),()(X)  products. 

9.5  CHLORINE  INSTITUTE  EMERGENCY  PLAN  (CHLOREP) 

Since  its  inception  in  1972,  the  Chlorine  Institute’s  Chlorine  Emergenev  Plan  (CHLOREP)  has 
handled  over  8(X)  transportation  and  fixed-facility  incidents.  CHLOREP  is  a  24-h  mutual-aid 
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[)roer;im  of  35  member  eompanies  and  their  70  prrtdueing  and  paekaeine  plants.  Response  is 
activated  by  a  CHH.M'rRF.C  call  t(>  the  desiunated  CHLORHP  contact,  who  nonlies  the  appropriate 
team  leader,  based  on  CHI  ORF-lP's  uei'yrrajrhical  sector  assignments  lor  teams.  The  team  leader, 
m  turn,  calls  the  emergency  caller  at  the  incident  scene  and  determines  what  advice  and  assistance 
are  needed. 

0.6  NACA  PFSTICIDF.  SAFFT'i’  TFA.M  (P.5TN) 

The  National  Agricultural  Chemicals  Association  Pesticide  Safety  Team  Network  (PSTN)  was 
formed  in  1070  to  minimi/e  environmental  damage  and  injury  arising  Irom  accidental  pesticide  spills 
or  leaks.  The  netwdrk  has  14  member  companies  and  more  than  45  salcty  teams  with  expert 
personnel  and  equipment  for  prompt  and  efficient  cleanup  of  pesticides  aficr  a  major  incident. 

PSTN  has  an  area  cormdinator  in  each  of  its  ten  regions  nationwide.  These  coordinators  are 
available  24  h  per  day  to  receive  pesticide  incident  notifications  from  CHFMTRFC.  Once  notified, 
an  area  coordinator  telephones  the  emergency  caller,  obtains  necessary  information  regarding  the 
incident,  coordinates  with  the  r.ianufacturer  ol  the  pesticide  to  a^  ee  on  emergency  procedures,  and 
arranges  for  needed  PSTN  resources.  The  coordinator  then  recontacts  the  emergency  cdler  and 
advises  what  immediate  steps  to  take,  [f  a  safely  team  is  needed  from  either  the  manufacturer  or 
th^  roster  o'  PSTN  teams  in  the  area,  the  team  is  mobili/.ed  and  the  coordinatc'r  notifies  the  caller 
that  it  is  on  the  way. 

9.7  ASSOCIATION  OF  AMERICAN  RAILROADS  FIELD  FORCE 

.A  quasi-mutual  aid  program  for  emergency  response  is  the  19-member  Field  Force  of  the 
Association  of  American  Railroads  Bureau  of  Explosivc.s.  Team  members,  located  throughout  the 
United  States  and  Canada,  spend  about  200  of  their  time  icsponding  to  deiailmeni  and  leaking  car 
incidents.  In  addition,  one  primary  responsibility  of  the  Bureau  Manager  for  Environmental  Services 
is  to  assist  rail  carriers  in  the  cleanup  that  follows  an  emergency.  Although  the  Field  Force  is 
smaller  than  it  was  in  the  past,  some  railroads  now  have  their  own  emergency  response  teams. 
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MS  HAZARDOl^;  MATERIALS  ADVISORY  COUNCIL  -  I’^'TORMATION  SERVICES 

TTic  Ha/iirdous  Materials  Adsis(ir>  Council  (UMaC'  is  a  nonprofit  trade  association  that 
functions  as  a  clearinghouse  for  safety  inforaiaiii'n  on  hazardous  mafnals  transportation  and  a 
source  of  technical  assistance  lot  government  agencies  at  all  levels.  HMAC's  2i;(-iMemher  companies 
include  carriers  of  all  modes,  shippers  of  vtirving  size,  contaiiicr  manufacturers  and  reeonditioners, 
and  emerecnec  response  and  vvasle-eleanup  eontiactors.  UMAO  publications  are  sent,  on  request, 
to  about  XtXKl  people  and  public  sector  organizations  on  its  mailing  list. 

M.M  AlChE  CENTER  FOR  PROCESS  SAFETY 

The  American  Institute  of  e  hemieal  Engineers  (AlC’iE),  a  professional  society  representing  the 
chemical  engineering  profession,  has  been  active  in  chemical-related  activities.  In  January  ldS5, 
AlChE  established  the  Center  for  Chemical  Process  Safety.  The  purpose  of  the  center  i.s  to  conduct 
research  and  provide  objective  techmeal  information  on  issues  related  to  the  prevention  of  accidents 
in  the  manufacturing,  handling,  and  storage  of  toxic  and/or  reactive  materials,  The  center  has 
budgeted  Si  million  for  the.se  efforts  per  year  and  plans  to  supplement  AlChE  funding  with  grants 
from  both  private  industry  and  the  government. 

of  January  19X6,  the  center’s  efforts  consisted  of  four  projects: 

1.  development  of  a  document  entitled  Guidelines  for  Hazard  Evtiluation  Procedures,  which  i.s 
currently  in  publication;'' 

2.  a  safety  training  program  that  probably  will  include  developing  self-study  materials  to  sell  to 
chemical  processors  (the  center  also  plans  to  integrate  safety  issues  into  college  level  clas.ses); 
research  in  safety  priKcdures  for  hulk  storage  and  handling;  and 

4.  research  on  vapor  cloud  dispersion  models. 

The  AlChE  is  also  working  with  E:PA  to  implement  Us  guidance  for  developing  community 
preparedness  programs.  Since  much  of  the  guidance  is  highly  technical.  l/PA  has  requested  that 
AlChE  provide  personnel  to  help  local  communities  develop  response  plans.  As  a  result,  AlChE 
IS  implementing  a  pilot  program  for  a  limited  number  of  areas.  As  part  of  the  pilot  program. 
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AlC'hF.  members  lisine  m  ihese  areas,  manv  oi  whom  are  retired  ehemieal  engineers,  will  volunteer 
to  assist  the  I  )eal  eommunities  in  their  pi;  nning  efforts. 

o  in  INSriTU  TE  OF  HAZARDOL’S  M.A  TFRIALS  MANAGEMENT 

The  Institute  of  Hazardous  .Materials  Management  is  a  nonprofit  eorporation  dedieated  to 
u[ii:r;iding  professional  praetiee  in  the  field  of  hazardous  materials  management.  Their  Hazardous 
M;iterials  M;tnager  CertincatKin  Program  has  the  following  objeetives: 

1.  to  proside  eredentialcd  reeognition  to  those  professionals  engaged  in  the  management  and 
engineering  control  of  hazardous  materitils  who  have  attained  the  required  lescl  of  education, 
experience,  and  competence; 

1.  to  loster  continued  professional  development  of  Certified  Hazardous  Materials  Managers 
through  continuing  education,  peer  group  interaction,  and  technological  stimulation; 
to  facilitate  the  transfer  of  knowledge  and  experience  among  professionals  and  (mgani/ations 
vitally  concerned  with  hazardous  materials  management;  and 

■1.  tt)  provide  government,  itidustryc  and  academia  with  a  mechanism  for  identifying  hazardous 
materials  management  professionals  who  have  fulfil'cd  the  requirements  for  certification  by  a 
professional  peer  group. 

A  Certified  Hazardous  Materials  Manager  (CHMM)  E.xamination  has  been  developed  as  a 
qualification  requirement  along  with  at  least  ?>  years  of  professional  haz.mat-related  experience  in 
industry,  government,  or  education.  Major  contributions  and  outstanding  leadership  in  this  field  may 
also  be  credited  toward  meeting  .some  t'f  the  requirements.  The  CHMM  examination  is  offered 
peiiodicallv  at  universities  located  in  various  stales.  A  training  manual  prepared  by  TVA  personnel 
is  available.” 


10  SliRVEY  OF  RESPONSIBILITY  GAPS 


In  response  to  the  work  statement,  signifieant  gaps  and  overlaps  identilied  during  the  evaluation 
of  statuti'rs  and  regulatory  responsibilities  are  to  be  summarized.  Empirieal  gaps  and  overlaps 
depend  not  only  im  existing  statutes  eoneerned  with  emergency  response  to  ha/mats  but  also  on  the 
extent  that  the  federal,  state,  and  loeal  agencies  have  accepted  these  responsibilities,  hase  received 
the  necessary  support  to  undertake  extensive  programs,  and  have  eoerrdinated  with  other 
('rgiini/aiions  to  avoid  dysfunctional  overlaps.  Further,  many  community  response  programs  have 
been  eoneeiyed  and  developed  through  the  direction  and  encouragement  of  private  organizations 
such  as  the  (M.A  C'.AFR  program  and  base  not  been  the  result  (d  statutc'ry  rules.  I'herelore.  it  is 
important  that  the  einitributions  made  by  these  |>rivate  programs  toysard  the  oyerall  emergency 
response  effort  be  ttdequatelv  identified  and  evtiluated.  .Many  of  these  entities  yvere  formed  in 
response  to  specific  loeal  needs;  it  is  important  that  they  be  encouraged  in  their  efforts,  while  any 
shortfall  in  eompli.inee  be  llexibly  corrected. 

A  reyieyy  of  numerous  sources  was  made  to  identify  important  current  gaps  and  overlaps  in 
responsibilities.  This  resiew  was  performed  to  augment  the  review  of  the  federtil  and  state  statutes 
presented  in  Sect.  5.  The  literature  searched  contained  a  significant  number  of  issues;  we  have 
selected  those  yyhich.  in  our  judgment,  appeared  to  be  the  most  importtint  and  have  categorized 
them  according  to  the  following  aretis:  planning,  prevention,  response,  and  trtiining. 

10.1  Pl.ANNING 

As  described  in  Sect.  b..  contingency  planning  by  federal  agencies  for  emergencies  is  complex 
and  the  legislation  is  implemented  by  a  xariety  of  agencies.  At  the  federal  level,  the  statutes  do  not 
clearly  define  the  roles  and  responsibilities  of  the  various  agencies  with  respect  to  response  planning. 
Interagency  coordination  is  accomplished  through  the  National  [Response  Te.im  (NRT  )  as  evidenced 
by  NR'T's  guide  entitled  Hazardous  Materials  F:mcrt;encY  Planninit  Guide.'’  This  is  currently 
published  in  compliance  with  the  SARA  Title  III  provisions  and  will  replace  F1',MA-1().  The  EPA 
h;is  published  interim  technical  guidtinee  for  its  Chemical  Emergency  Preparetlness  Program 
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(C  EPP),'  and  mhiic  of  ihe  nialcrial  from  this  manual  has  been  ineluded  in  the  NRT  guide.  EPA, 
EE.M.4,  and  DOT  are  also  deseloping  Emergeney  Planning  Teehnieal  Guidance''  documents  for 
identifying  acutely  toxic  chemicals,  and  for  conducting  vulnerability  analysis  and  risk  analysis.  It  is 
intended  that  local  planners  use  both  of  ihe.se  guides  for  developing  emergency  response  plans. 
However,  in  our  judgment,  it  is  quite  opiimistie  to  assume  that  individual  communities  will  have 
the  resources  and  expertise  to  develop  comprehensive  emergency  response  plans  without  extensive 
supptut  from  government,  industry,  and  concerned  private  citizens.  Table  7  presents  a  list  of  the 
types  of  support  that  will  probably  be  required.  Since  there  are  very  great  vtiriaiions  in  local 
circumstances,  this  list  can  only  rexeal  the  general  shape  of  the  typictil  requirements.  Many  of  the 
recommendations  that  follow  in  this  section  are  based  on  these  support  requirements. 

10.1.1  Federaf'Stale  Planning  Coordination 

With  the  establishment  of  EPAs  Chemical  Emergency  Preparedness  Program  (CEPP),  it  is 
apparent  that  there  may  be  an  overlap  between  FEMAs  and  EPzCs  contacts  with  the  various  state 
emergency  management  organizations.  Although  SARA  specifically  stales  that  the  regional  response 
teams  arc  authorized  to  review  the  state  and  local  plans,  it  is  not  clear  what  the  roles  of  EPA  and 
FE.MA  will  be  with  respect  to  the  planning  process  except  through  the  NRT  and  RRT  .systems. 
Fisher”  indicates  that  there  is  an  ever-increasing  need  for  federal  agencies  to  coordinate  their 
program  development  and  implementation  particularly  through  interagency  prt'jccis  such  as  the 
NRT. 

With  regard  to  state  and  local  planning,  SARA  specifically  authorizes  the  governors  of  each 
state  to  apperint  emergency  response  commissions  who  are  to  designate  emergency  planning  districts, 
appoint  load  emergency  planning  committees  for  Ihe  purpose  of  developing  local  emergency  plans, 
and  coordinate  these  plans  with  local  facilities  that  handle  hazmats  such  as  chemical  plants  and 
storage  facilities.  Thus,  this  new  statute  clearly  recognizes  that  community  planning  is  the 
prerogative  of  the  state  and  local  governments.  This  is  particularly  true  for  planning  activities,  such 
as  local  area  hazards  evaluations,  multiagency  coordination  agreements,  and  procurement  of  response 


equipment,  tailored  t('  the  particular  needs  of  each  local  communitv. 

A  model  rcspoTise  svsiem.  such  as  the  Fia/ardous  Material.s  Advisirrv  Council  in  Memphis, 
I'ennessee,  was  developed  by  local  and  reitional  jurisdictions,  tilong  with  private  organizations,  with 
the  support  of  a  federal  agency.  H.stablishment  of  similar  programs  under  SARA  will  probably 
depend  on  simil.ir  scenarios.  However,  the  inadequate  level  of  support  offered  by  federal  agencies 
has  been  one  of  the  major  impediments  to  local  planning,  as  cited  by  the  recent  DOT-FEMA 
surcey.  '  In  a  questitm  asked  t'f  the  respondents  engaged  in  planning  activities  with  respect  to 
shortfalls  resulting  in  unfulfilled  major  programmatic  requirements,  70.4%  mentioned  finance  and 
mentioned  training.  In  a  FE.MA  survey  concerned  with  the  needs  of  local  emergency 
management  organizations  during  FT  19S6-89,  the  major  issues  included  training  and  planning 
deficiencies.''  The  number  of  organizations  that  agreed  to  address  these  deficiencies  was  only  a 
fractitm  of  the  number  designated  as  having  the  deficiencies,  and  the  main  reason  given  for  this 
problem  was  lack  of  adequate  funding. 

Although  .several  surveys  concerning  the  current  levels  of  slate  and  local  preparedness  for 
emergency  responses  have  been  made,  the  NRT  Preparedness  Committee  indicated  that  "no  one 
survey  provided  a  definitive  indication  of  existing  levels  of  preparedness,  nor  did  all  the  surveys 
reviewed  provide  a  comprehensive  picture  of  existing  preparedness.”  Thus,  it  is  again  apparent  that 
there  is  feedback  from  local  organiz.ations  that  their  planning  and  training  activities  contain 
deficiencies  due  to  inadequate  funding,  but  comprehensive  estimates  are  not  available  concerning 
the  current  levels  of  hazmat  preparedness  at  the  state  and  local  levels. 

10.1.2  Planning  Data  Bank  Requirements 

A  summary  of  specific  areas  where  federal  assistance  could  be  implemented  for  local  and 
regional  planning  includes  the  development  of  a  "National  Hazardous  Materials  D;ita  Bank,"  which 
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could  be  made  available  to  slate  and  local  planning  committees  for  planning  purposes.  This  data 
bank  would  include  the  following  detailed  information: 

1.  production  and  storage  facilities  for  ha/mais  in  the  United  States,  including  capacities, 
locations,  shipments,  storage  inventories,  etc.; 

2.  major  shipping  routes  for  ha/mats  as  a  function  of  hazmat  type,  location,  carrier  type, 
quantities  shipped,  etc.; 

?>.  toxic  property  data  for  each  hazmat  listed,  along  with  a  listing  of  lecenl  events  where  death  or 
injury  occurred  as  a  result  of  the  hazmat  release;  and 
4,  a  ranking  system  for  each  hazmat  to  provide  an  indication  of  the  relatise  risks  of  death/injury 
such  as  that  dc.scribed  in  Sect.  .2  of  this  study. 

An  optimal  arrangement  would  be  for  the  planner  to  address  this  data  base,  which  is  organized 
such  that,  upon  keying  in  the  name  of  the  community,  county,  or  other  subdivision,  a  listing  of 
hazardous  chemicals  in  the  order  of  their  danger  to  the  community  would  be  the  response. 
Presumably  the  ranking  for  both  fixed  facilities  and  transportation  would  be  given  along  with 
estimates  of  the  annual  quantities  produced,  passing  through  the  community  or  in  typical  inventory. 
Starting  from  this  raw  information,  a  detailed  assessment  of  the  hazards  could  be  assembled. 
Obviously,  we  are  not  yet  prepared  to  invoke  such  a  system,  although  a  number  of  the  elements  of 
such  a  system  exist  at  some  level  of  development. 

Past  hazards  analysis  studies'''  have  indicated  that  it  was  necessary  to  set  up  check  points  on 
major  transportation  routes  to  obtain  data  on  hazmat  shipments  in  the  vicinity.  By  locating  the 
sources  of  hazmat  production,  storage,  and  the  major  shipping  routes,  much  of  this  data  acquisition 
work  could  be  circumvented  thereby  reducing  the  lime  and  the  cost  of  local  planning  studies. 
Sources  of  the  data  could  be  the  information  gathered  under  the  "community  righl-to-know 
reporting"  required  under  SARA.  The  property  and  past-event  data  are  already  available  in  various 
data  bases.' " 


s: 

The  development  of  n  simplified  risk  ;lsses^nlenl  proeedure  would  enable  a  loeal  eommunity  to 
prepare  a  preliminary  risk  assessment  based  on  data  provided  by  the  data  base,  the  ranges  of  local 
weather  eondi-tions,  and  the  geological  eharaclerisiics  of  the  region.  Such  a  program  could  be  made 
available  through  terminal  connection  to  a  mainframe  computer  by  request  ivf  a  local  committee  to 
bHiMA.  The  results  from  this  analysis  should  not  be  considered  to  be  a  complete  high-level  hazards 
risk  assessment.  It  could  be  classified  as  a  level  prohabilitv  assessment  (based  on  the  classification 
levels  proposed  by  A.  D.  Little")  to  provide  an  understanding  of  the  scope  of  ha/mat  risks  for  loeal 
planning  committees.  Results  of  such  a  study  would  provide  the  following  to  these  committees: 

1.  an  approximate  indication  of  the  risks  from  loeal  ha/mats  to  the  community  (high,  medium, 
or  low  risks); 

2.  a  basis  for  planning  for  the  types  of  emergency  response  equi|vmeni,  |iroeedures,  and 
organizations  to  be  involved; 

a  basis  for  determining  whether  cooperative  emergency  agreements  with  neighboring 
communities  and  local  chemical  companies  are  necessary:  and 

4.  a  basis  for  determining  the  levels  of  fcderal.staie  and  other  support  required  for  more  detailed 
planning  at  the  1  or  2  levels,  if  required. 

Although  SARA  Title  III  calls  for  an  inventory  of  facilities  that  handle  extremely  hazardous 
substances  in  excess  of  the  allowable  thresholds,  it  does  not  address  the  problem  of  haz.mat 
transportation  inventories.  This  is  a  major  consideration  for  communities  that  do  not  have  local 
hazmat  facilities  but  are  located  near  major  transportation  routes.  Many  communities  fall  in  that 
category.  These  communities  often  may  not  be  aware  of  the  potential  for  extremely  dangerous 
hazmat  releases  in  their  vicinity.  In  our  judgment,  this  is  one  of  the  serious  gaps  in  the  current 
statutes,  and  it  must  be  addressed  if  adequate  levels  of  community  planning  for  emergency  response 


arc  to  be  achieved. 
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10.1.3  Planning  Consultant  Guidelines 

The  support  requirements  listed  in  Table  2  inuicate  that  significant  levels  of  technical  assistance 
to  the  planning  teams  will  be  required.  Most  communities  would  not  have  the  technical  personnel 
available  except  in  those  cases  where  technical  personnel  were  available  from  local  industries, 
research,  or  educational  institutions  or  the  state  emergency  authorities.  Therefore,  the  employment 
of  consulting  organi7ations  to  prtnidc  technical  support  to  planning  committees  will  probably 
become  a  widespread  practice.  Numerous  engineering  service  organizatiems  have  recently  added  this 
capability  and  are  prepared  to  offer  their  expertise  under  contract;  however,  to  our  knowledge,  no 
guidelines  currently  exi.-.t  to  assist  these  committees  in  the  .selection  of  competent  consultants.  We 
recommend  that  FEMA  consider  the  development  and  publication  of  a  set  of  guidelines  for 
emergency  response  consultation,  which  would  include: 

1.  a  list  t)f  FEMA-approved  consulting  organizations; 

2.  criteria  for  estimating  the  levels  of  technical  assistance  required  as  a  function  of  the  desired 
plan  scope; 

3.  minimum  qualifications  for  consulting  personnel; 

4.  methods  for  estimating  the  total  time  and  the  overall  cost  for  consulting  services  as  a  function 
of  the  plan  scope; 

5.  a  definition  of  the  extent  of  consulting  responsibilities  and  liabilities  of  the  consultant  with 
respect  to  the  planning  scope;  and 

6.  a  definition  of  the  liability  aspects  for  volunteer  consultants  to  the  planning  committee. 

10.2  PREVENTION 

Control  of  the  release  of  haz.mats  throughout  their  entire  lifecycle  (production,  storage, 
transportation,  and  final  consumption)  is  a  prime  requisite  for  the  prevention  of  emergency  releases. 
In  a  recent  address,  L.  Thomas,  the  Administrator  of  the  EPA,  indicated  that  the  current  federal 
effort  has  to  focus  particularly  on  prevention  of  chemical  releases.'''  Included  in  the  government’s 
prevention  program  arc:  (1)  the  design  and  detailed  engineering  requirements  Rtr  spill  prevention. 
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particularly  in  the  transportation  section;  (2)  the  informatiirn-sharing  anti  response-planning  efforts 
as  required  by  SARA  Title  111;  (?>)  expansion  of  the  hazardous  spills  reporting  process;  and  (4) 
increased  efforts  to  ensure  that  response  capabilities  are  available  all  the  way  from  local  levels, 
through  higher  levels,  and  are  ultimately  backed  up  by  a  federal  response  capability.  However,  the 
Federal  effort  recognizes  that  many  of  the  motivating  factors  for  prevention  are  outside  the  control 
of  government  and  thus  require  "development  of  an  integrated  government  and  industry  prevention 
effort."  Responsibility  for  prevention  of  hazmat  releases  falls  under  the  jurisdiction  of  many 
agencies  and  statutes.  For  example,  during  the  manufacture,  handling,  and  storage  of  hazardous 
materials,  at  least  ten  federal  agencies  have  varying  responsibilities  for  accident  prevention.’^  When 
an  accident  has  occurred,  at  least  14  agencies  may  be  included  in  the  accident  reporting  systems.” 
Our  review  of  the  data  bases  for  hazardous  materials  accidents  and  materials  How  (see  Sect.  14.7.2) 
indicated  that,  although  numerous  data  ba.ses  are  available,  coordinatiim  of  the  detailed  information 
collected  and  the  procedures  for  disseminating  the  data  to  planning  organizations  is  sorely  needed, 
fn  addition,  there  appears  to  be  a  need  for  coordination  of  the  research  and  development  programs 
concerned  with  hazmat  prevention.  This  requirement  has  become  more  critical  with  the 
establishment  of  the  new  Hazardous  Substance  Research,  Development  and  Demonstration  Centers 
authorized  by  SARA  Title  I,  Section  IIX,  the  ongoing  testing  conducted  at  DOE’s  Liquefied 
Ga.scous  Fuels  Spill  Test  Facility  (see  Sect.  15.4),  and  other  prevention  research  in  progress  at  the 
national  laboratories  and  federal  research  facilities.  These  issues  suggest  that  there  is  a  need  for 
a  federal  coordinating  organization  for  prevention  activities  comparable  to  the  National  Rcspon.se 
Team,  which  coordinates  emergency  response  and  planning  (sec  Sect.  63). 

SARA  Title  11,  Section  2()9,  authorizes  EPA  to  establish  an  Advisory  Council  to  assist  in  the 
coordination  of  research  and  administration  activities  concerned  with  innovative  waste  treatment 
technologies  and  health  effects.  This  council  includes  representatives  of  the  relevant  federal 
agencies,  the  chemical  and  toxic  waste  management  industries,  institutions  of  higher  learning,  state 
and  local  health  and  environmental  agencies,  and  the  general  public.  We  recommend  that  the 


following  a^ti\iiics  be  considered  as  a  framework  for  establishing  "A  Federal  Prevention 
Coordinating  Council": 

1.  coordination  of  the  federal  agency  data  base  activities  concerned  with  ha/iirdous  materials 
accidents,  materials  Hows,  right-to-know  information,  etc.; 

2.  coordination  of  the  federal  information  systems  for  use  in  ha/cirds  evaluations  by  state  regional 
and  local  planning  organizations; 

3.  coordination  and  oversight  of  federal  research  and  development  programs  concerned  with  the 
prevention  of  hazardous  material  accidents; 

4.  coordination  of  the  development  of  hazardous  materials  operator  training  and  certification 
programs; 

5.  reviews  of  standards  for  siting  and  construction  of  facilities  for  the  production  and  storage  of 
hazardous  materials;  and 

6.  reviews  of  innovative  new  developments  for  the  prevention  of  hazardous  materials  accidents. 
The  recommended  membership  for  this  coordinating  council  should  include  qualified  representatives 
from  federal,  state,  industrial,  and  higher-education  organizations. 


10.2.1  Comparisons  of  Nuclear/Chcmical  Industry  Responsibilities 

A  comparison  of  the  jurisdictional  responsibilities  for  nuclear  and  hazardttus  chemical  materials 
is  of  interest.  For  the  case  of  nuclear  materials,  prime  responsibility  resides  with  the  Nuclear 
Regulatory  Commi.ssion  (NRC)  as  follows;'* 

In  order  to  continue  operations  or  to  receive  an  operating  license,  an  applicant/liccnsee 
will  be  required  to  submit  its  emergency  plans,  as  well  as  state  and  local  government 
emergency  response  plans  to  NRC.  The  NRC  will  then  make  a  finding  as  to  whether  the 
state  of  onsite  and  offsite  emergency  preparedness  provides  reasonable  assurance  that 
adequate  protection  measures  can  and  will  be  taken  in  the  event  of  a  radiological 
emergency.  The  NRC  will  base  its  findings  on  a  review  of  the  FEMA  findings  and 
determinations  as  to  whether  state  and  local  emergency  plans  are  adequate  and  capable 
of  being  implemented  and  on  the  NRC  assessment  as  to  whether  the  applicant's/licensee’s 
emergency  plans  are  adequate  and  capable  of  being  implemented. 

Other  provisions  of  the  NRC  mandate  the  following; 

1.  specification  of  emergency  action  levels  for  each  facility. 
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2.  public  disscminalidn  ol'  cmcrgcncv  planning  inlbrmaiion. 

3.  rapid  nolilicalion  id  the  public  of  a  serious  reactor  emergency, 

4.  a  licensed  technical  support  center  and  a  licensed  near-site  emergency  operations  facility, 

5.  redundant  communications  systems, 
b.  specialized  training  of  personnel,  and 

7.  up-to-date  emergency  plan  maintenance. 

In  contrast  for  ha/mats,  the  planning  and  public  notification  aspects  are  included  in  the  SARA 
Title  III  provisi''ns,  but  the  law  requires  only  that  planning  districts  be  established,  local  emergency 
plans  be  prepared  by  the  local  committees  for  each  district,  and  the  plans  be  reviewed  by  the  state 
cmert’cniy  response  commission  and  po.ssiblv  the  RRTs,  This  potcntialK  allows  considerable 
sariations  in  approach  from  one  state  or  local  jurisdiction  to  another  for  e.xactly  the  same  situation. 

ll).2.2  Stale  Prevention  Statutes 

Probably  the  major  activities  concerning  prevention  are  centered  in  ihe  recently  passed  state 
statutes  that  require  manufacturers  of  hazmats  to  develitp  risk  analyses  and  emergency  procedures 
for  their  facilities.  As  noted  in  Sect.  5.9,  the  stale  of  New  Jersey's  "Toxic  Prevention  Catastrophe 
Act"  requires  hazardous  chemical  manufacturers  to  develop  risk  management  programs.  Thc.sc 
programs  must  include  design  safety  reviews,  standard  operating  and  preventive  maintenance 
procedures,  risk  assessment  of  operating  equipment,  and  emergency  response  planning.  The 
importance  of  the  risk  assessment  procedure  in  preventing  chemical  plant  releases  is  emphasized  in 
the  AIChE's  "Guidelines  for  Hazard  Evaluation  Procedures,"  which  includes  a  selection  of  haziird 
evaluation  procedures  for  identifying  and  evaluating  chemical  process  hazards.''  The  document 


stales: 
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The  application  of  these  procedures  can  be  effective  in  the  identifietition  and  subsequent 
management  of  process  hazards,  espeeittlly  those  with  potential  mtijor  consequences  to  the 
public.  Actitms  b.._  ed  on  the  use  of  these  procedures  can  lessen  the  probability  of 
accidents  with  high  consequences  and  reduce  the  consequences  irf  the  ticcidents  that  do 
happen.  The  primtiry  emphtisis  is  on  qualitative  procedures  for  hazard  tdentificatirm 
although  scrnie  of  the  prt'cedures  can  also  be  used  for  quantitative  hazard  analysis  .  .  .the 
guidelines  are  intended  to  apply  to  process  hazard  analysis,  although  some  of  the  methods 
can  be  applied  in  other  areas  such  as  transportation  of  hazardous  chemicals.  The 
procedures  ear  be  used  for  existing  plants  and  for  new  plants. 

in  our  judgment,  if  tin  tidequate  hazard  evaluation  program  had  been  instituted  at  the  Bhopal, 
India  pl.int,  the  disaster  that  occur''ed  on  December  2.  l‘t<S4.  would  have  been  prevented.  Certainly, 
most  of  the  equipment  intidequaeies  ;ind  m.ilfunetioiis  would  have  been  identified  tind  corrected  if 
a  reeponsihle  effort  had  been  made  to  carry  out  .111  effceitve  hazards  .malysis  program  prior  to  the 
accident.  |The  disaster  could  have  been  avi-rled  if  any  one  ol  the  five  safety  devices  had  been 
functioning  properly."']  More  detailed  descriptions  and  evaluations  of  hazards  evaluation  programs 
will  be  included  as  part  of  Task  III  of  this  program. 

It  is  therefore  apparent  that  certain  state  governments  are  beginning  to  accept  prime 
responsibility  for  pro.moting  emergency  preparedness  firr  hazmats,  while  the  federal  government 
thrtrugh  the  NRC  maintains  prime  responsibility  for  preparedness  in  the  area  of  nuclear  materials. 
This  refers  to  fixed  hazmat  facilities  and  does  not  apply  to  their  transportation,  where  responsibility 
resides  in  the  Department  of  Transportation. 


1(1. 2. OSHA  Prevention  Initiatives 

OSHA  has  proposed  a  rule  to  amend  the  OSHA  standtirds  for  haztirdous  waste  operations  and 
emergency  response  personnel  (see  Sect.  5.7.3),  The  rule,  when  finalized,  will  essentially  cover  all 
workers  connected  with  emergvncy  response  opertitions  for  releases  or  ihretits  of  releases  of 
htizardous  substtinces.  Thus,  anyone  concerned  with  hazardous  response  operations  ;it  a  produeiitm 
lacilitv.  involved  in  rtiil  or  highwav  tr;insporl;iiion,  or  involved  in  response  to  incidents  involving 
hazardous  substtinces  will  be  covered.  Proposed  |irovisions  for  emergeru.y  res|ionse  at  sites  other 
than  hazardous  w;iste  cle;in-up  sites  (79  CF’R  I9|(),l20  L)  include: 

I.  trtiining  for  response  employers,  and 


2.  procedures  for  handling  emergency  responses. 

In  addition,  Hazmat  team  members  are  to  be  given  the  following  [29  CFR  1910.120  (1)  (4)]; 

1.  training  or  protective  clothing  and  procedures  for  leaking  vehicles  or  containers, 

2.  physical  examinations  and  medical  surveillance,  and 

?>.  chemical  protective  clothing. 

Extension  of  the  OSHA  standards  to  hazardous  substance  responders,  in  addition  to  those 
employees  covered  at  CERCLA  and  RCRA  facilities,  will  broaden  the  emergency  response 
capabilities  of  employees  handling  hazardous  substances  and  could  be  a  substantial  step  toward  the 
mitigation  of  hazardous  chemical  emergencies.  Further  extension  of  these  provisions  to  all  workers 
handling  hazardous  chemicals  is  strongly  recommended. 

The  OSHA  Pilot  Program  (CHEMSEP),  described  in  Sect.  b.S,  could  scree  as  an  excellent 
model  for  future  prevention  programs  that  could  have  a  significant  impact  on  hazmat  releases  at 
industrial  facilities.  Results  of  CHEMSEP  highlighted  the  need  for  more  specific  OSHA  regulations 
with  respect  to  items  such  as  safety  program  management,  development  of  maintenance  schedules, 
provisions  for  emergency  communications,  and  toxic  chemical  monitoring  systems.  The  program  also 
led  some  firms  to  reduce  their  hazmat  storage  inventories  and  possibly  helped  emphasize  the  need 
for  programs  such  as  the  CMAs  CAER  Projcci. 

We  recommend  that  consideration  be  given  to  establishing  a  permanent  OSHA  program  that 
would  mandate  periodic  inspections  of  industrial  chemical  facilities  to  enforce  rules  developed  for 
the  prevention  of  hazmat  releases.  These  inspections  should  encompass  all  of  the  company  health 
and  safety  procedures  and,  in  addition,  evaluate  the  following: 

1.  company  risk  management  programs, 

2.  company  emergency  response  plans  and  management  programs, 

?'.  emergency  equipment  and  facilities, 

4.  accident  detectionAvarning,/monitoring  systems, 

5.  emergency  communications  systems. 


6.  command/control  centers, 

7.  company  maintenance  programs, 

S.  coordination  of  plan  with  local  and  regional  emergency  response  plans, 

9.  personnel  training  schedules, 

10.  ha/mat  risk  reductiem  programs  (inventory  reduction,  etc.), 

11.  security  access  control  systems, 

12.  meteorological  measurement  systems  at  the  site, 

1.7.  prearranged  mutual  aid  agreements  with  outside  organizations,  and 
14.  compliance  with  SARA  Title  111  provisions. 

Such  a  review  wiiuld  be  time  consuming,  but  the  pri'gr.im  could  he  operated  with  a  relativelv  low 
frequency  and  remain  effective. 

10.2.4  OSffA  Communicatiiu.-  Standard  Limitations 

[.imitations  in  the  OSH.A  Communication  Standard  were  identified  during  the  OSH  A  oversight 
hearings  before  the  House  of  Represeniatives  Subcommittee  on  Healih  and  Safelv  in  IO<S.s.“’  These 
limitations  include: 

1.  Many  sectors  are  not  being  covered,  including  farm  workers,  iransporialion,  painters,  and  auto 
repairers.  In  fact,  coverage  extends  only  to  the  manufacturing  sector. 

2.  Company  discretion  is  allowed  in  the  determination  of  which  chemicals  consiiiute  hazards  and 
the  type  of  communication  program  used  to  comply  with  the  standards.  (The  effect  is  that  the 
chemical  companies  decide  themselves  which  chemicals  are  to  be  considered  hazardous  and  the 
communication  procedures  concerning  their  effects.) 

.7.  If  a  material  falls  under  the  "trade  secrets"  section,  the  company  is  not  required  to  identifv  the 
hazardous  chemicals  used  m  its  manufacture. 

4.  There  is  an  inadequate  number  of  available  inspectors. 

.7.  Workers  who  attempt  to  obtain  information  on  hazardous  chemicals  mav  jeopardize  their  jobs 
under  the  hazard  communication  standard. 
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The  new  SARA  pr(nisie)ns  ol  CERCLA  (see  Seel  5.7)  require  insners  operaliirs  nt  taeilities 
v.here  ha/ardcus  .suhstanees  are  handled  Ki  provide  inl'ormaiion  on  the  inatiufaeiure,  use,  and 
'loraae  ol  the  substances.  The  laciiities  are  required  to  prepare  .MSDS  or  a  list  ol  chemicals  for 
sshich  the  ,\*SDSs  are  required  the  OSH  Act.  In  addition,  information  required  pertaining  to 
these  hazardous  chemicals  must  include  the  following: 

1.  estimates  of  the  maximum  amounts  of  these  chemicals  present  at  the  facility; 

2.  estimates  of  the  aserage  daily  amounts  of  these  chemicals  handled  by  the  facility;  and 
-v  the  general  location  of  the  ehemicals. 

I’his  inlormation  is  to  be  prepared  for  local  planning  committees,  st;ite  emergency  response 
commissions,  and  the  fire  departments  having  jurisdiction  over  the  lacilitv.  riius,  the  information 
will  almost  certainly  be  available  to  employees  of  the  facility  :ind  will  partially  fulfill  the 
requirements  of  the  OSH  Act,  even  though  the  hazardous  chemicals  niay  not  have  been  classified 
in  a  final  health  standard  by  OSHA.  However,  SARA  does  not  include  provisions  requiring 
momtiming  equipment,  warning  labels,  medical  record  keeping,  and  the  allovvtible  total  exposure  of 
personnel  to  these  chemicals.  The  OSH  Act  is  also  inadequate  with  icspect  to  requirement  for 
equipment  upkeep,  backup  safety  equipment,  and  reliable  instrumentation  for  the  detection  of 
hazardous  chemical  releases. 

10..^  RESPONSE  SYSTEMS 
1 0  .^.1  Notification  of  Releases 

One  of  the  most  critical  aspects  of  emergency  response  is  the  immediate  notification  of  local, 
state,  and  federal  authorities  when  a  release  of  a  hazmat  has  occurred.  The  release  amounts  that 
should  be  reported  are  tabulated  as  reportable  quantities  (RQ)  as  described  in  Sect.  5.7.  Recently, 
Oongress  (in  SARA  Title  111)  mandated  that  owner-operators  of  hazm;it  facilities  must  report 
releases  of  both  RQ  chemicals  and  those  listed  in  the  F'.PA  CEPP.  The  thresho.d  release  levels  of 
the  cr-iPP  chemicals  were  published  m  November  I'kSb. 

The  fact  that  delays  in  notification  have  occurred  or  at  limes  rck  tiscs  were  not  reported  is  well 
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documented  in  the  literature.  For  example,  during  the  release  of  aldecarb  oxime  dissolved  in 
rnethvlene  chloride  at  the  Union  Carbide  Plant  in  Institute,  West  V  irginia,  notification  was  delayed 
tor  2('  mm  because  the  plant  personnel  were  relying  on  a  computerized  dispersion-modeling  system 
which  predicted  that  the  cloud  would  not  be  dangerous  beyond  the  plant  gates.  It  was  subsequently 
evealed  that  the  system  was  not  programmed  for  these  chemicals  and  that  insufficient  data  were 
available  on  the  effects  of  the  chemicals  in  question  on  humans. 

Cashman'  illustrates  how'  delays  in  response  po.sed  an  extreme  risk  to  the  community  of 
Hagerstown,  Maryland,  in  1979.  As  a  remedial  action  following  an  incident  in  West  Chester, 
Pennsylvania,  involving  a  fire  in  a  white  phosphorus  drum  on  March  22,  1979,  the  remainder  of  the 
drums  were  placed  in  larger  55-gal  drums,  filled  with  water,  and  sealed.  The  drums  were  then 
knided  ttnto  two  trailer  trucks  and  driven  to  the  carrier’s  terminal,  30  miles  south  in  Hagerstown, 
Maryland.  While  at  the  terminal,  the  phosphorus  manufacturer  and  the  carrier  haggled  over  who 
^hould  take  possession  of  the  cargo  because  it  had  become  apparent  that  the  steel  drums  were 
reacting  with  the  water/phosphorus  mixture  to  form  hydrogen  and  poisonous  phosphine  gas. 
Subsequently,  the  manufacturer  informed  the  carrier  that  it  was  abandoning  the  cargo.  Ultimately 
the  Slate  of  Maryland  took  action  and  called  in  EPA’s  On-Scene  Cctordinator,  who  activated  the 
EiPA  ERT.  They  identified  the  most  serious  hazard  as  the  potential  explosion  of  the 
hydrogen/phosphine  mixture  and  release  of  the  extremely  toxic  phosphine  gas  to  residents  within  a 
5-  to  10-mile  radius.  A  decision  was  made  to  transport  the  drums  to  a  remote  site  for  detonation, 
located  170  miles  south  at  Fort  A.  D.  Hill.  However,  it  was  not  until  April  6,  1979,  that  the  drums 
left  Hagerstown  (5  d  after  their  arrival).  There  is  no  indication  of  the  time  lost  before  the  state 
learned  of  this  extreme  hazard,  but  it  is  apparent  that  immediate  notification  by  either  the  carrier 
or  manufacturer  could  have  significantly  reduced  the  risk  to  the  local  population. 

Another  example  of  delayed  notification  occurred  on  New  Year’s  Eve  in  1984  in  North  Little 
Rock,  Arkansas,'  when  3(K)()  gal  of  ethylene  oxide  escaped  from  a  tank  car  parked  in  a  switching 
yard.  Officials  evacuated  2500  to  .30(K)  rc.sidcnls  of  the  area  (ethylene  oxide  is  highly  toxic  and  also 
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'.cPv  n.tninKiblc).  In  a  news  article  in  the  Link’  Rock  Democrat,  J.  Burnett,  Chairman  of  the 
National  Transportation  Safety  Board,  rated  the  accident  as  one  of  the  worst  ineolving  hazardous 
niatenals  on  an  American  railroad  in  i9S4.  He  also  indicated  that  a  "potentially  disastrous  delay" 
occurred  bciwvcn  the  time  the  leak  was  discovered  and  the  time  the  North  Little  Rock  Fire 
Department  was  notified.  Again,  there  is  no  indication  of  the  e, stent  of  the  delay,  but  certainly,  any 
delay  in  reporting  a  spill  of  this  magnitude  eoiilu  have  been  eatasirttphic. 

.More  stringent  regulations  are  needed  requiring  immediate  notification  of  significant  releases 
trom  any  storage  vessel  or  other  item  of  equipment  or  any  transportation  vehicle.  Certainly,  there 
is  Slime  reluctance  ftm  oper.itors  and  supervisors  to  report  spills  until  they  have  determined  the 
magnitude  or  potential  risk,  but  it  is  of  utmost  importance  that  the  public's  safety  be  given  first 
priority  whenever  a  question  eoncerning  notification  arises.  It  is  recommended  that  consideration 
be  given  to  adopting  regulations  for  notification  that  would  include  the  following  requirements: 

1.  Notification  should  be  made  for  any  deviation  from  any  facility  nctrmal  operations  that  could 
ha'.e  health,  safety,  or  environmental  significance  tt)  the  surrounding  community.  This  should 
apply  not  only  to  thtxsc  materials  listed  as  hazardous  by  federal  agencies,  but  to  any  substance 
that  could  endanger  the  public  health  and  safely. 

2.  Notificatittn  should  be  made  immediately  (within  15  min  as  required  by  nuclear  regulations) 
upon  di.scovery  of  a  release  or  imminent  release  of  hazardous  materials  or  any  situation  that 
could  adversely  affect  the  surrounding  community. 

k.  Notification  should  include,  it  practical,  a  statement  of  an  appropriate  "emergency  action  level" 
as  proposed  in  Sect.  10..^.2. 

4.  Notification  should  be  in  accordance  with  previously  approved  emergency  plans  for  the  facility. 
This  should  also  include  emergencies  in  the  local  area  that  could  have  a  possible  impact  on 
the  subject  facility. 

With  suitable  heavy  fines  for  failure  to  comply,  the  problem  of  deliberate  delays  in  notification 
should  almost  disappear. 


10.3.2  Fmcrticna  Action  Lo\cls  for  Ha/pKil  Releases 

The  current  statutes  cal!  fiir  notil'icaiidn  iT  ha/mat  releases  in  excess  of  reportable  quantities 
or  threshold  \alues  in  the  case  cd'  extremeK  ha/ard(^us  substances  specified  by  EPA;’‘  howexer,  the 
'-tatutes  do  not  address  the  issue  of  emergencx  classification,  which  refers  to  the  gradation  of 
emergency  conditions  from  small  incidents  to  catastrophic  ones.  Idic  statutes  also  neglect  the 
situaiion  where  there  is  imminent  danger  of  a  ha/mat  release  but  the  exent  has  not  yet  occurred. 
In  each  case,  the  public's  welfare  wtiuld  be  better  .served  if  the  seriousness  of  the  incident  were 
slassified  so  that  response  emgani/ations  exxuld  be  alerted  to  an  appropriate  emergency  action  lexel. 
f'or  example,  nuclear  poxver  plants  and  some  emergencx  organi/ati<ms  use  the  classification  shown 
in  Table  (S.  dire  adxantages  of  this  system  are  obvious:  evacuatiim  of  an  area  xvould  certainly  not 
be  required  for  an  unusual  exent  or  a  plant  alert.  Also,  emergency  notification  of  local 
organizations  ct'uld  be  required;  howexer.  since  the  situation  has  been  gixen  a  classification,  the 
response  lexel  can  be  tailored  to  the  class  of  the  emergency.  Of  course,  if  the  situation  tended  to 
xvorsen,  the  class  would  be  changed  as  the  situation  developed.  Had  this  type  of  notification  been 
in  effect  at  the  Union  Carbide  plant  in  Institute,  West  Virginia,  it  is  possible  that  local  authorities 
would  haxe  been  notified  well  in  adxance  of  the  release  and  not  after  the  release  had  occurred  and 
dispersed 
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r.iiiK-  8.  F.ip.e  ri’.onc  V  c  1  ass  i  f  ic^tt  Loiks  and  responses 


:icv  ('lass 


Plant  criteria 


Indication  of  potential 
de  prcida  t  i  on  ;  no  release 

Actual  or  potential  degra - 
dat  ion  of  plant  safety; 
irinor  release 

Actual  or  likely  failure 
of  plant  safety  systems; 
small  release  vithi>^ 
gu  1  de lines 


Response 

No t  i  f  i  ca  t  i  on  ,  i  nf oriiia  t  i  on 

Same  as  aho\’e  ;  alert 

e  ipe  r  ge  n  c  y  a  c  t  i  o  n  C  e  a  ir  - 


Activate  emergency  center 
comiiRin ica t  ions  ,  dep  1  o v 
teams,  monitoring 


Actual  4^  imminent  substan-  Recommend  shelter/evac 

tial  plant  degradation;  nation 

releases  reasonably  ex¬ 
pected  to  exceed  guidelines 


H  1.3.3  .Aduilion  of  Other  Ha/mal.s  lo  the  Reportahic  Quantity  List 


Many  very  ha/ardcius  materials  such  as  gasoline,  petroleum  solvents,  liquefied  petroleum  gas 
(I.PG),  and  carhon  mtmoxide  are  not  included  as  CERCLA  reportable  material  quantities,  although 
th-'y  ir’  :xtre"'iei,  teaetive  and/or  toxic.  In  contrast,  during  iranspoi lation,  many  of  the  materials 
are  definitely  classified  as  hazardous  (see  Sect.  5.2).  As  described  in  Sect.  2.2,  LPG  was  the  hazmat 
respimsible  for  the  deaths  of  5(K)  people  and  injuries  to  25(X)  pettple  reported  in  the  1984  PEMEX 
disaster  in  .Mexico  City.  It  is  apparent  that  continuous  evaluation  and  updating  of  the  CERCLA 
"reportable  quantity"  list  are  needed  in  order  to  include  hazmats  not  currently  listed  and  develop 
more  stringent  requirements  for  listed  hazmats  where  more  recent  data  on  hazmat  releases  indicate 
that  additional  protection  is  needed. 

1(1.4  TRAINING 

Several  federal  statutes  address  the  need  for  the  development  and  careful  ttverview  of  hazmat 
training  systems.  The  1984  Hazardous  Materials  Transportation  Act  required  FEMA  and  DOT  to 
survey  training  programs  offered  for  hazmat  emergency  response  and  enforcement  activities.  The 
recent  DOT-FEMA  Survey"  developed  a  list  of  training  programs  available  from  federal,  state,  local, 
and  private  organizations.  SARA  Title  HI  speciiically  authorizes  EPA  and  other  appropriate 
agencies  carrying  out  programs  to  provide  emergency  training  with  special  emphasis  on  hazardous 
chemicals.  In  addition,  FEMA  will  make  grants  to  state  and  local  governments  and  universities  to 
improve  emergency  response  preparedness.  SARA  also  requires  that  response  plans  for  the 
emergency  planning  districts  include  a  description  of  the  required  training  programs  and  schedules 
for  response  practice  drills. 

It  might  appear  from  the  number  of  available  training  programs  offered  by  various 
governmental  and  private  organizations,  in  addition  to  the  requirements  for  training  specified  by 
SARA,  that  the  needs  for  support  fttr  this  aspect  of  hazmat  emergency  response  are  being 


indiailc  lh;il  the  elTeetivencss  and  extent  of 
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adequa'elv  addressed.  However,  various  sourees'' ' 
eiweraee  of  eurrent  training  programs  are  uneven  for  the  following  reasons: 

1.  Consensus  st.inclards  for  irainint!  -  Consensus  standards  are  needed  lor  the  ermipetenev'  levels 
required  tor  eaeh  level  of  response  personnel. 

2.  Course  evaluation  -  The  eontent  and  quality  of  existing  eourses  are  very  diverse.  Evaluation 
ol  these  programs  is  needed  to  ensure  eonsisie/iey  and  provide  for  adequate  training  at  ail 
levels  of  response  personnel. 

Coi'rdination  of  trainini;  courses  -  Numerrrus  separate  organizations  olTer  eourses,  hut  there  is 
little  eoordination  so  that  programs  are  not  evaluated  ;ind  trainees  have  diffieulty  finding  useful 
eourses. 

4.  f'xtent  (d  eoveratte  hv  training  proitrams  -  Only  a  portion  of  the  vvide  range  c'f  response 
personnel  needing  training  is  actually  receiving  it.  One  reason  for  this  is  the  lack  of  adequate 
support  for  training  expenses. 

111.4.1  Consensus  Standards  for  Training 

The  DOT-FEMA  Report  to  Congress  (July  E)S6)''  identified  the  need  for  developing  consensus 
standards  for  the  skills  necessary  to  maintain  levels  of  minimal  eompetency  and  knowledge  for  each 
level  of  response  personnel.  Probably  the  most  critical  area  is  concerned  with  the  needs  of  first 
responders  since  they  are  the  most  likely  to  be  impacted  by  hazmat  releases  and  are  often  poorly 
trained,  if  trained  at  all.  The  reasons  for  this  include  the  high  annual  turnover  rates  within  fire 
departments  and  the  predominance  of  volunteers  in  these  departments.  However,  the  NRT  Planning 
Guide  indicates  that  personnel  at  all  levels  who  coordinate  or  have  responsibilities  in  a  hazmat 
emergency,  both  directly  and  indirectly  involved  at  the  scene  of  ;in  incident,  must  have 
appropriate  training." 
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The  association  of  Bay  Area  Governments  (San  Francisco  Bay  area)  proposed  a  training  plan 
for  emergency  responders  as  part  of  their  DOT  Demonstration  Project/'  This  study  proposes  a 
four-level  training  plan  as  follows: 

1.  problem  awareness  for  local  staff  at  hazmat  incidents, 

2.  problem  recognition  for  first-level  supervisors  at  hazmat  incidents, 

3.  hazitrd  control  for  hazmat  response  team  members,  and 

4.  incident  supervision  for  high-level  agency  supervisors. 

Table  9  lists  the  various  training  items  proposed  for  each  of  the  above  levels. 

The  state  of  Tenncs.sec  has  one  of  the  most  extensive  hazardous  materials  training  programs 
in  the  United  States.  This  program,  established  by  the  Tennessee  Emergency  Management  Agency 
(TEMA),  is  called  The  Hazetrdous  Materials  Training  Institute.  It  is  directed  by  a  full-time  Ph.D.- 
level  chemist  and  is  set  up  to  train  fire  fighters,  law  enforcement  officers,  medical  reserves 
personnel,  as  well  as  state  and  local  personnel.  It  offers  four  levels  of  training  as  follows: 

1.  .safety  course  for  first  responders  (8  h), 

2.  basic  chemistry  and  tactics  for  technician  certification  (2  weeks)  and  a  recertification  course 
(taken  every  2  years), 

3.  advanced  courses  in  select  areas  of  spccializ.ation  (four  courses  of  4  d  each),  and 

4.  incident  management  course  for  command-level  personnel. 

[Note:  This  program  parallels,  to  a  certain  extent,  the  requirements  for  various  rcspon.se  levels 
presented  in  Table  9.]  Under  this  program  since  1982,  Tennessee  has  trained  20.36  first  responders, 
certified  287  technicians,  recertified  137,  and  provided  advanced  training  to  124  technicians.  The 
success  of  this  program  can  be  judged,  in  part,  by  the  record  that  shows  no  avoidable  loss  of  life 
in  Tennessee  due  to  hazitrdous  materials  accidents  since  its  inception. 


Tt'ible  .  Ret'onimc-iicied  ti'ainiiij-’,  rt-qiii  reinents 
for  '.'arioiis  response  personnel  levels 


Level  1:  Problem  Awareness  for  Location  Staff 

As  :-e  -.i;  L  ii!;  -  h;i;'.n:ar  r  ec  or.n  i  t  i  ot’  ana  idt-nt  i  f  i  ca  t  i  on  labeling,  health  and 

envi  roniiie!' t ,, !  hazards  . 

1 :  i  t  ;  o  :  i  on  -  loc.ition  of  hazmats  at  fixed  and  transpoic  facilities, 
protocols  for  notification  of  releases. 
ihscnrct'S  -  respottse  information  source  agencies,  equipment,  etc. 
Rei'oiriiiftided  extent  of  training  -  up  to  2't  h 

Level  2:  Problem  Recognition  for  First-Level  Supervisors 

All  of  Level  1,  plus  the  following: 

.'.ss.i,  ss.t’et'it  -  more  e'.tt  c-ns  i '.’e  lu>alth  and  eiiv  i  ronmenta  1  impact  analvsis. 

hazmat  i  citmt  i  f  i  ca  t  i  on  and  handling,  protective  c'quipii'.ent, 
i nc i dent  i nves  t i ga  t i on , 

Resoui'ctis  cuui  .Notification  -  agenev  roltss  and  respons  i  b  i  1  i  t  v  .  no  t  i  i  i  c  c.  t  i  on 
procedure.s/[>rotocol  s ,  information  data  bases  and  organi 
zations.  hazardous  substance  manuals 

Containment  and  Control  -  mechodologv,  incident  supervision,  command  post 
procedures,  evacuation,  etc. 

Recommended  extent  of  training  -  16  to  24  h  after  Level  1 

Level  3:  Hazard  Control  for  Hazmat  Response  Team  Members 
.All  of  Levels  1  and  2,  plus  the  following: 

In-dc'pth  hazmat  courses,  chemistry  of  hazmats,  hazmat  containment,  hazmat 
drill  exercises  in  response,  containment,  cleanup,  etc.,  preplanning  for 
target  hazmats,  hazmat  problems  for  specific  targets,  identification  of 
unknown  substances 

Re-commended  extent  of  training  -  300  h 

Level  4:  Incident  Supervision  for  High-Level  Agenev  Supervisors 

.All  of  Levels  1  and  2,  plus  the  following: 

[’rep  1  anii  ing  -  de-velopment  of  response  plans 

A.s.se.ssment  -  investigation/documentation  of  events,  personnel  protection 
No r i f i ca r i on/Response  Coordination  -  operation  of  Emergency  Response 
Centers,  notification  protocols,  and  followup 
Cf)nt a i nmenc/Control  -  isolation/containment  me thodo 1 ogv ,  evacuation, 
response  funding. 

Regulations  -  local,  state/federal  Statutes 
Med i a  Re  Lat ions /Publ ic  I nf ormat ion 
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10.4.2  Course  Evaluation 

Currently,  there  is  a  need  for  the  evaluation  of  the  various  federal,  state,  local,  and  private 
organization  training  programs  with  respect  to  the  following  questions: 

1.  Does  the  course  adequately  cover  the  basic  material? 

2.  Does  the  program  meet  the  consensus  standards  for  the  specified  levels  of  emergency  response 
personnel? 

3.  Are  the  instructors  properly  qualified? 

4.  Is  adequate  emergency  response  equipment  available  for  training? 

5.  Are  recertification  courses  provided?  Are  they  tied  to  evaluations  of  the  effectiveness  of  prior 
training? 

6.  How  much  time  is  devoted  to  simulated  emergency  situations? 

7.  Docs  the  organization  have  adequate  financial  resources  and  a  minimum  number  of  instructors? 

8.  Are  efforts  made  to  keep  costs  within  affordable  limits  commensurate  with  the  levels  of  training 
required? 

9.  Is  the  curriculum  oriented  toward  emergency  response  training  or  toward  enforcement  and 
compliance  with  current  statutes? 

10.  Is  adequate  time  scheduled  to  cover  the  course  material  at  the  required  depth? 

11.  Is  adequate  notification  of  the  courses  given  to  reach  a  broad  range  of  personnel  who  need  the 
training? 

The  major  goal  of  this  recommendation  would  be  the  accreditation  of  those  training  programs 
that  arc  judged  to  comply  with  the  minimum  standards  established  by  the  organization  responsible 
for  the  reviews.  Publication  of  a  list  of  accredited  programs  would  facilitate  the  selection  of 
approved  schools  by  personnel  responsible  for  state  and  local  training  programs.  It  would  also  assist 
the  various  government  agencies  in  their  funding  activities  since  each  agency  would  not  have  to 
develop  its  own  evaluation  structure  for  the  myriad  of  existing  training  facilities. 


It  is  suggested  that  the  Aeereditation  Board  for  Engineering  and  TeehnoUtgy  (ABET)  be  used 
as  a  model  for  such  an  evaluation  organi/iilion.^'  ABET  is  currently  concerned  with  accreditation 
of  the  U  S.  engineering  college  departments  and  is  recognized  as  the  official  accreditation  agent  by 
U.S.  engineering  societies.  This  is  often  one  of  the  most  significant  criteria  in  the  selection  of  an 
engineering  school  by  prospective  students. 

Studies  are  recommended  that  would  examine  the  current  costs  of  training  for  ha/mat  personnel 
and  ways  of  deseloping  more  cost  effective  training  for  small  towns  and  communities  who  cannot 
afford  training  programs  conducted  by  others  for  a  fee.  One  aspect  that  catuld  be  examined  is  the 
use  of  volunteer  personnel  such  as  retired  technical  personnel  and  members  ol  technical  societies 
who  are  already  involved  in  volunteer  planning  activities  (see  Sect.  9.9).  Many  communities 
currently  utilize  these  types  of  volunteer  services. 

A  private  organization  that  might  be  used  as  a  model  for  loctil  volunteer  training  programs  is 
the  U.S.  Power  Squadron  This  organization,  headquartered  in  Raleigh,  North  Carolina,  is 
organized  into  power  squadron  districts  and  local  power  .squadrons  throughout  the  United  States 
wherever  there  is  significant  boating  activity.  Its  primary  mission  is  to  instruct  boat  owners  in  the 
safe  handling  of  their  equipment.”  Although  other  courses  are  also  offered,  classes  are  conducted 
by  trained  volunteer  instructors  and  the  entire  organization  is  supported  by  annual  dues  paid  by  its 
members. 

Further  study  is  also  needed  regarding  the  federal  role  in  training  activities  Should  it  be 
primarily  developmental,  support  for  accreditation,  certification,  and  rcccrtilication  standards, 
rc.scarch  and  evaluation,  training  clcaringhoascs,  etc.?  An  evaluation  of  where  these  activities 
should  be  done  such  as  the  federal,  state,  public,  or  private  levels  should  also  be  included.  The 
federal  role  is  not  spelled  out  explicitly  at  the  present  time. 
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10.4.3  Coordination  of  Training  Information 

A  national  organization  is  needed  that  would  be  responsible  for  the  coordination  of  the 
following: 

1.  various  available  training  courses, 

2.  additional  training  facilities  and  personnel,  and 

3.  sources  of  governmental  support  for  training  activities. 

This  organization  would  act  as  a  national  clearing  house  for  training  information  but  would  not  be 
responsible  for  evaluation.  It  would  keep  track  of  accredited  institutions  and  would  serve  as  the 
source  of  information  required  by  new  or  nonaccrcditcd  schools.  New  training  curricula  and 
emergency  training  equipment  development  could  also  be  included  as  a  responsibility  of  this 
organization.  The  need  for  a  coordinating  organization  was  highlighted  by  OTA’s  study  of  hazmat 
transportation,  which  stated,  "In  telephone  interviews  with  OTA  staff,  state  training  officers  voiced 
frustration  at  the  lack  of  information  they  receive  on  the  quality  of  available  training  resources  and 
the  lack  of  communication  with  their  counterparts  in  other  states.  Moreover,  some  local  officials 
arc  concerned  that  planned  state  programs  are  inadequate  to  meet  the  needs  of  local  jurisdictions." 

10.4.4  Extent  of  Coverage  by  Training  Programs 

The  National  Fire  Academy  estimated  that  there  are  1,200,000  fire  fighters  nationwide  (85% 
of  whom  are  volunteers  and  15%  paid  employees  of  local  jurisdictions).^"  With  respect  to  law 
enforcement  personnel,  the  National  Association  of  Chiefs  of  Police  estimates  a  total  of  480,000  to 
5(X1,000  law  enforcement  personnel  employed  by  state  and  local  governments."  In  addition,  there 
arc  224,000  emergency  medical  technicians  registered  nationally.  If  other  emergency  response 
personnel  involved  in  state  and  local  programs  arc  added  to  the  above,  a  total  of  well  over  2,000,000 
people  can  be  estimated  as  the  target  audience  for  training  programs.  Although  a  fraction  of  this 
audience  has  received  some  training,  the  recertification  and  training  of  new  personnel  (due  to  higher 
turnover  rates)  could  overshadow  the  accomplishments  to  date.  For  example,  a  plan  for  training 
people  to  fill  two  million  positions  during  1989  to  1992  would  require  that  a  total  of  about  700,000 


pcrsonru.  !  he  trained  per  sear  (assuming  a  25'’;  turnover  of  fire  fighters  Sear).  The  September  1985 
training  aetivity,  estimated  at  about  1()2,(XX>  studentsVear''  for  all  seetors,  could  not  come  close  to 
this  requirement.  Thus,  programs  such  as  FFMA’s  "Train  the  Trainer"  and  on-the-job  training 
through  the  use  id  sideotapes,  teleconferences,  microcomputer  programs,  training  reports,  and 
pamphlets  vcill  be  mandators,  particularly  for  the  first  responders.  Ultimately,  it  is  suggested  that 
consideraiion  be  gisen  to  establishing  courses  at  local  high  schools  and  crtllegcs  vshere  response 
['ersonnel  \could  'ceeise  minimal  levels  of  training  utilizing  the  existing  school  personnel  and 
facilities  and  v.ould  be  tunded  through  state  and  regional  SARA  planning  districts. 

F-’inalK,  it  is  important  that  some  lorm  of  ccrtifictite  level  be  established  which  recognizes  the 
achiecement  of  \arious  lesels  of  training. 


11  SURVEY  OF  TECHNICAL  OPTIONS 


The  results  from  Task  III  in  the  work  statement  (Sect.  1),  which  includes  a  surv'cy  of  the 
teehnical  options  for  hazardous  chemical  countermeas'.res,  are  included  in  Sects.  12-18. 

Sectirm  12  reviews  the  principal  methods  to  characterize  the  nature  of  ha/iirdous  chemical 
emergencies,  and  Sect.  1.^  identifies  a  technical  basis  for  the  countermeasures  that  are  currently 
available,  under  development,  or  projected  as  future  approaches.  An  evaluation  of  these 
countermeasures  is  developed  in  Sect.  14,  and  needs  for  improved  resptmse  actions  arc  identified. 
Section  l.s  includes  existing  and  potential  new  approaches  to  reducing  the  risks  and  prevention  of 
hazardous  chemical  releases.  In  particular,  the  need  for  new  technical  approaches  that  present 
opportunities  for  public  and  private  sector  programs  are  emphasized. 

Although  these  sections  arc  primarily  concerned  with  technical  options  for  emergency  response 
operations,  many  of  the  countermeasures  reviewed  require  statutory  and/or  institutional 
implementation,  which  is  covered  elsewhere  in  this  report.  E.x;imples  of  this  include,  the  need  for 
coordination  in  the  areas  of  emergency  response  planning  and  training  activities. 

Sects.  16  and  17  are  concerned  with  the  development  of  a  methodology  for  the  ranking  of 
hazardous  chemicals  and  apply  this  procedure  to  a  selected  list  of  these  materials.  The 
establishment  of  a  relative  measure  of  the  risk  of  one  hazardous  chemical  relative  to  another  is 
important  for  .several  reasons.  It  establishes  a  priority  order  for  the  establishment  of  procedures 
and  the  study  of  countermeasures.  In  addition,  it  helps  expose  materials  which  require  more 
in-depth  research.  It  will  also  raise  the  level  of  awareness  of  the  dangers  of  the  overall,  most 
significant  hazards. 
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12  CHARACTERIZATION  OF  EMERGENCY  RELEASES 
12.1  CHARACTERIZATION  OF  DISASTER  LEVEL 

No  statutop.  classiricalion  criteria  Ibr  airborne  releases  ol  ha/a.dous  chemicals  exist.  Numerous 
authors  haee  proposed  definitions  based  upon  a  uido  range  of  criteriti,  including: 

1.  the  quantity  and  toxic  properties  of  the  material  released; 

2.  mode  of  release  -  continuous  vs  instantanettus  releases; 

.2.  the  area  or  ptrpulation  affected  by  the  release; 

4.  the  potential  for  additional  release  due  to  explosion;  catastrophic  failure,  etc., 

5.  the  extent  of  emergency  restmrees  required  for  the  respt'use  (local  state  federal  response 
organi/ations,  specialized  response  letims.  etc.);  and 

6.  meteorological  conditions  existing  at  the  site  proximity  at  the  time  of  the  release. 

The  Natiimal  Response  Team  Planning  Guide*'  defines  three  typical  emergency  respon.se  levels 
and  recommends  that  these  be  provided  to  special  facilities  such  as  schools,  day-care  centers, 
hospitals,  etc.,  who  would  abide  by  the  recommendations  conforming  to  the  announced  response 
level.  Table  10  lists  these  response  levels.  A  comparison  of  Table  10  with  the  levels  specified  for 
the  nuclear  industry'  (see  Table  II)  indicates  an  additional  level  called  an  "unusual  event"  in  the 
nuclear  levels.  This  is  defined  as  an  indication  of  potential  degradation  of  the  nuclear  pow-er 
system,  but  no  release  has  occurred.  The  response  required  is  notification  for  information  purposes, 
but  the  alerting  of  emergency  action  teams  docs  not  occur  until  the  next  level,  called  "alert,"  is 
reached.  Also,  the  nuclear  system  defines  a  "site-area  emergency,"  which  approximates  the  NRT 
"Level  I  -  Potential  Emergency  Condition."  The  "General  Emergency"  nuclear  classification,  which 
would  iP'.olve  sheltering  and  evacuation,  is  covered  by  the  two  levels  in  the  NRT  cLe.sification  called 
'■LA.'veI  II  -  Limited  Emergency  Condition"  and  "Ixvel  III  -  Full  Emergency  Condition."  Thus,  it 
appears  that  more  stringent  detail  is  placed  on  potential  nuclear  emergencies  while  chemical  release 
levels  include  two  emergency  conditions:  a  "limited"  condition  that  requires  a  possibly  small-scale 
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Table  10.  Recommended  NRT  response  levels  to  chemical  releases 


Response  level 


Descript  ion 


Contact 


I .  Potent ial 
emergency- 
condit  ion 


II.  Limited 

emergency 

condition 


III.  Full 

emergency 

condition 


An  incident  or  threat  of 
a  release  which  can  be 
controlled  by  the  first 
response  agencies  and  does 
not  require  evacuation  of 
other  than  the  involved 
structure  or  the  immediate 
outdoor  area.  The  incident 
is  confined  to  a  small  area 
and  does  not  pose  an  immediate 
threat  to  life  or  property. 

An  incident  involving  a 
greater  hazard  or  larger 
area  which  poses  a  potential 
threat  to  life  or  property 
and  which  may  require  a 
limited  evacuation  of  the 
surrounding  area. 


An  incident  involving  a 
severe  hazard  or  a  large 
area  which  poses  an  extreme 
threat  to  life  and  property 
and  will  probably  require 
a  large-scale  evacuation; 
or  an  incident  requiring 
the  expertise  or  resources 
of  county,  state,  federal, 
or  private  agencies/ 
organizations . 


Fire  Department 
Emergency  Medical 
Services 

Police  Department 
Partial  EOC  Staff 
Public  Information 
Office 
CHEMTREC 

National  Response 
Center 


All  Agencies  in 
Level  I 
Hazmat  Teams 
EOC  Staff 
Public  Works 
Department 
Health  Department 
Red  Cross 
County  Emergency 
Management  Agency 
State  Police 
Public  Utilities 

All  Level  I  and  II 
Agencies  plus 
the  following 
as  needed: 

Mutual  Aid  Fire, 
Police,  Emergency 
Medical 

State  Emergency 
Management  Agency 
State  Department 
of  Environmental 
Resources 
State  Department 
of  Health 
EPA 
USCG 
ATSDR 
FEMA 
OSC/RRT 
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II.  Nuclear  emergenev  classifications  and  responses''^ 


class  Plant  criteria 


Response 


vent 


Indication  of  potential 
degradation;  no  release 

Actual  or  potential 
degradation  of  plant 
safety;  minor  release 


Notification,  information 

Same  as  above;  alert 
emergency  action  teams 


Actual  or  likely  failure 
of  plant  safety  systems; 
small  release  within 
guidel ines 

Actual  or  imminent 
substantial  plant 
degradation;  relea.ses 
reasonably  expected  to 
exceed  guidelines 


Activate  emergency  center 
communications,  deploy 
teams,  monitoring 

Recommend  shelter/ 
evacuation 
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c\acu;iti()n  along  with  local  area  response,  and  a  "full"  eondition  that  requires  a  large-scale 
evaeuation  and  possible  response  by  a  wide  range  of  public  and  private  organizations. 

One  prime  criterion  of  any  response  level  system,  in  our  judgment,  is  th'M  ''f  cimplieity  such 
that  first  responders  will  understand  the  criterion  and  react  very  quickly  to  the  emergency  situation. 
Howeser,  this  requires  a  certain  level  of  technically  informed  judgment  on  the  part  of  the  first 
responder  concerning  the  real  potential  for  a  major  disaster.  For  example,  what  might  appear  as 
only  a  minor  release  etmld  eventually  become  a  major  di.saster  if  the  responder  was  unfamiliar  with 
the  type  and  amounts  of  toxic  material  released,  the  possible  pathway  of  the  vapor  cloud,  the  local 
popuhttion  density,  or  other  factors  that  could  have  a  major  impact  on  the  surrounding  community. 
Comersely,  eases  base  occurred  where  gross  overreaction  resulted  from  leletises  such  as  the  response 
to  an  acid  tank  ear  leak  where  a  local  fire  department  poured  lOO.OOO  gal  of  water  on  the  car, 
fearing  a  BLEVE  (boiling  liquid  expanding  vapor  explosion).’  In  another  instance,  a  half-mile  area 
was  evacuated  near  an  LPG  tank  car  that  had  a  minor  leak  in  the  valve  .seat.’ 

The  above  problems  with  cla.ssification  of  events  by  first  responders  suggest  that  an  additional 
response  level  should  he  considered  which  could  be  classified  as  an  "unusual  event"  similar  to  the 
nuclear  classification,  but  not  as  yet  an  emergency  situation.  At  this  level,  a  first  responder  could 
^tate  that  the  potential  for  an  accident  was  present  or  that  a  release  had  occurred  but  lack  of 
detailed  information  prevented  specification  of  a  higher  response  level.  In  any  case,  this  would 
require  immediate  notification  of  the  appropriate  authorities,  who  would  then  alert  the  response 
system  and  dispatch  a  trained  technician  to  the  site  for  detailed  evaluation  and  possible  declaration 
of  an  emergency  situation.  It  is  well  documented  that  the  reporting  of  many  dangerous  relca.scs  has 
been  delayed  (see  Sect.  10).  The  addition  of  this  new  level  could  help  expedite  notification  of 
events  where  there  is  doubt  concerning  whether  a  .serious  accident  situation  has  tKcurred  or  is  about 
to  lake  place.  It  would  al.so  help  alleviate  the  situation  where  first  responders  hesitate  to  make 
judgments  as  to  the  actual  emergency  level  yet  provide  for  immediate  notification,  which  is  eritiail 
to  the  mitigation  of  toxic  gas  releases. 


12.2  "HTES  AND  EXTENT  OF  RESPONSE  REQUIRED 


An  indication  of  extent  of  response  required  for  each  of  the  NRT  response  levels  is  listed  in 
exdumn  .2  of  Tahle  10.  As  expected,  the  noniitatioii  levels  are  progiessive,  starting  (for  Level  I) 
with  the  local  emergency  agencies,  a  partial  emergency  operations  center  (EOC)  staff,  CHEMTREC, 
and  the  National  Response  Center.  Thus,  a  Lexel  1  response  would  involve  the  emergency  services 
of  the  local  police  and  fire  departments  but  would  probably  not  require  an  extensive  evacuation  or 
the  services  tT  ha/mat  teams. 

For  a  Level  II  response,  more  extensive  noiificatitm  is  required,  including  the  county  or  district 
emergency  management  agency,  the  state  police, diealth  agencics/utilities,  the  setup  of  an  emergency 
operations  center,  and  the  involvement  of  trained  HAZMAT  teams.  A  limited  evacuation  might 
also  be  placed  in  effect.  These  contacts  for  Level  11  would  also  include  contacts  specified  for  a 
Level  1  response.  Since  a  Level  II  response  is  classified  as  only  "limited,’  the  callup  of  state  and 
federal  agency  resources  might  not  be  required,  but  in  Tennessee  the  FEMA  emergency  operations 
center  would  almost  certainly  be  alerted  and  the  regional  emergency  technicians  would  be  dispatched 
to  the  emergency  site. 

For  a  full  emergency  condition  (Level  III),  all  of  the  Level  I  and  II  contacts  would  be  made 
plus  the  extensive  list  of  state  and  federal  contacts  shown  in  Table  10.  Thus,  for  a  full  emergency 
all  responsible  agencies  would  be  alerted  and  specialized  response  teams  would  be  called  upon  by 
the  state  or  federal  on-scene  coordinator  (OSC)  as  needed.  This  could  include  local/state/federal 
and  industrial  teams  as  described  in  Sects.  6-9.  Also,  for  a  Level  III  incident,  a  large-scale 
evacuation  would  probably  be  required  and  would  be  implemented  according  to  the  emergency 
response  system  plans  developed  for  the  local  area  and  the  involved  state.  In  Tennessee,  the  State 
Emergency  Operations  Center  would  be  manned  and  the  full  state  emeigeiicy  plan  would  be 
implemented. 

As  indicated  in  the  prior  section,  addition  of  a  Level  0  response  level  is  suggested  to  be  used 
where  the  first  responder  is  completely  uncertain  as  to  which  classification  shtmld  be  applied  to  an 
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emergency'  or  v.here  there  is  a  threat  t)f  a  release  hut  the  risks  invoKed  are  unknown.  In  this  case, 
notification  would  require  that  a  trained  response  technician  be  dispatched  immediately  to  the  site 
so  that  the  proper  response  level  could  he  established  and  the  proper  notification  chain  would  be 
activated. 


13  TECHNICAL  BASIS  FOR  NEEDED  COUNTERMEASURES 


Alihiiiigh  insiiiuiionai,  statuKirv’.  and  social  issues  comprise  a  significant  portion  of  the  total 
needs  for  na/niat  countermeasures,  technical  issues  approach  these  other  areas  in  importance. 
Certainly,  implementation  of  the  provisions  in  SARA  Title  111  will  require  intense  evaluation  of  the 
eniergencv  response  technology  available  to  state  and  local  planning  committees.  Items  such  as 
response  equipment,  hazards  esaluations,  atmospheric  dispersion  computer  models,  working 
communications  equipment,  etc.,  will  become  standard  eomptments  of  emergency  response  programs. 

In  order  to  categorize  these  various  technical  issues  and  define  their  technical  basis,  we  have 
divided  them  into  the  following  areas: 

I.  prevention, 

1.  planning, 

.s.  response,  and 
4.  training. 

Probably  the  most  important  countermeasures  involve  the  long-term  methods  for  prevention 
of  hazmat  releases  by  manufacturers,  storage  facilities,  and  transporters. 

Table  12  lists  the  preventive  countermeasures  evaluated  along  with  their  technical  ba.scs.  Tabic 
13  lists  the  planning  countermeasures.  Table  14  gives  rcspon.se  countermeasures,  and  Table  15 
presents  the  training  measures  required. 

The  technical  ba.scs  cover  a  broad  range  of  technical  activities,  including  the  following: 

1.  research  and  development  of  hazmat  mitigation  systems  (foams,  monitors,  etc.); 

2.  mathematical  modeling  of  hazmat  emergencies; 

3.  emergency  equipment  specification,  design,  testing,  inspection,  and  evaluation; 

4.  process  safety  evaluation; 

5.  plant  citing  criteria  for  emergencies; 


Table  12  Technical  basis  for  countermeasures 


Countermeasure 


Technical  basis 


Transportation  and  Identification,  evaluation,  and 

facili'v  reliability  correction  of  high-risk  components 

studies  in  hazmat  handling  systems 

Terrorist  attack  and  Same  as  No.  1,  except  for  potential  terrorist 

sabotage  countermeasures  targets,  warning  systems  for 

political  activities,  operator 
training,  human  factors  evaluation 

inspections  Enforcement  of  safety  regulations 

for  hazmats 


Rc'ductions  in  plant 
i  ir.’entor  ies  of  hazmats 

Process  changes,  storage  changes, 
process  substitutions 

Hazards  evaluations 
during  plant  design, 
construction,  revisions, 

,'.nd  maintenance 

Improved  design,  specifications, 
and  safety  criteria 

Data-base  development 
for  hazmats 

Facil it ies/ transportation/storage 
accident  reporting,  accident 
frequency,  etc. 

Hazmat  containment 
systems 

Design  for  process  and  storage 
systems 

Human  error  prevention 


Human  performance  evaluation  and 
the  effects  of  human  errors  on 
performance 
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Table  13  Planning 


('onnt  c‘  rule  asur  e 


Technical  basis 


llrt::tircts  or  coininunitv  risk 
citKi  1  vs  i  s 


Definition  of  erne r gene v 
planning  nones 

Eiiit' rgenc V  response  plan 
Pa r t  i c i pa t i ng  a gene ies 
F<ic  i  1  it  ies 
Eq' i  i  pire-nt 
Coinirnnicat  ions 
Mutual  aid  agreements 
Mo  t i f icn  t ion 

Revision,  updating, 
i itp rovciiient  of 
emergency  plans 

Public  relations 

Fii'.ancial  support 
for  planning 


Evaluation  of  risks  from  hazmats ; 
accident  probabilities  and  severity 

Definition  of  zones  for  possible  emergencies, 
including  evacuations,  etc. 

Technical  aspects  of  emergency  response 
plans 


Plan;  maintenance 


Facilities  for  public  information 
Estimate  of  costs  vs  scope  of  plan 
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Table  14.  Response  measures 

Countermeasure  Technical  basis 


!.  .Monitoring  for  hai-nnat  Equipment  available  or  under  development 

r  e  1  e  a  s  f'  s 

2.  ET.'aluat  ion  of  quantities  Probabilities  and  spill  quantity 

released  estimates 

1.  Estimate  of  airborne  Dispersion  models  and  computer 

dispersion  applications 

Evacuation  e.stimates  E.stimate  of  evacuation  zones 

T,  Eire  and  explosion  zone  Models  and  computer  simulations  c)f 

estimates  fire  and  explosion  zones 

h.  Response  eqtiipment  Types  of  response  equipment 

Fires  and  explosions 
Hazardous  release 
conta  inip.ent 
Protective  equipment 
Health-care  equipment 
Communications 
Warning  equipment 

7.  Evacuations  vs  sealed  Risk  evaluation  of  evacuation  vs 

.shelters  remaining  inside  enclosed  areas 

8.  Population  protective  Potential  protective  devices  for 

measures  the  general  population 

9.  New  techfiical  approaches 


ll-< 


Luit  <;•  rinea.suro 
ant  opt- rat  i  nr 

ai  n  s  p  o  r  L  a  t  i  o  n 


Table'  15.  Training  inc'asure.s 


Technical  ba.sis 

personnel  Operator  training  and  certifier 


personnel  Driver  training  and  licensing 


t  i  on 


ergency  response  personnel 


Response  training  programs 


6.  accident  risk  and  consequence  evaluation; 

7.  Atmospheric  dispersion  modeling; 

8.  training  of  personnel  for  emergency  response; 

9.  planning  emergency  response  medical  facilities; 

10.  emergency  response  planning  at  the  federal, state/local  community  and  production  facility  levels; 
and 

11.  development  of  infetrmation  systems  for  emergency  response. 

Many  of  these  activities  arc  reviewed  in  Sect.  However,  chemical  plant  design  safety  features, 
site  selection,  and  standard  safety  specifications  are  not  included  because  they  are  specific  to  each 
type  of  chemical  production  process  and  .therefore,  beyond  the  scope  of  this  study. 
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14  EVALUATION  OF  AVAILABLE  RESOURCES 
Technical  countermeasures  for  the  mitigation  of  hazardous  materials  releases  include  a  wide 
variety  of  emergency  equipment,  mathematical  models,  probabilistic  risk  assessments,  training 
programs,  etc.  This  section  provides  an  overview  of  the  resources  currently  available  to  local 
response  ttrganizations  and  facilities  that  produce,  store,  or  transport  these  materials.  Some 
identification  of  the  commercial  stturces  of  these  resources  is  included;  however,  comprehensive 
identification  and  evaluation  of  all  the  organizations  offering  these  resources  in  this  rapidly  changing 
field  were  not  the  goals  of  the  evaluation.  In  ca.ses  where  they  add  to  the  picture,  cost  data  for 
some  equipment  are  also  included.  The  goal  here  is  to  provide  an  overview  rather  than  an 
exhaustive  handbook  treatment. 

14.1  VAPOR  HAZARD  CONTROL 

Control  of  the  toxic  vapors  from  a  release  is  the  first  line  of  defense  against  the  spread  of  toxic 
materials  releases.  Control  of  fires  has  equal  priority  because  of  possible  dispersion  of  toxic 
chemicals  and  combustion  products  to  the  surrounding  areas.  Countermeasures  included  in  this 
section  include  the  following: 

1.  mechanical  covers, 

2.  vapor  curtains. 

.4.  induced  air  movement, 

4.  gelling  equipment,  and 

5.  foam  systems. 

In  addition,  items  of  equipment  that  can  be  issued  as  preventative  countermeasures  to  provide 
secondary  containment  and  improvements  to  storage  systems  arc  included  in  Sect.  15.1. 

14.1.1  Mechanical  Covers 

Placing  a  lid  over  a  spilled  chemical  is  a  direct  approach  for  containing  the  tctxic  vapors  with 
nearly  \(W/r  efficiency.'^  Three  basic  techniques  have  been  considered:  (1)  total  cover  of  the  spill 
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urea  by  cloth  or  other  continuous  material,  (2)  spray  of  a  continuous  co\er  such  as  urethane,  and 
(3)  buoyant  particles  (either  spheres  or  polygonal  shapes).  Theoretically,  such  covers  should  contain 
essentially  all  the  vapor  release,  but  in  practice  some  leakage  is  to  be  expected. 

Several  direct  means  for  mechanically  containing  both  the  spill  and  the  vapor  hazards  arisir 
from  it  have  been  described  by  Robinson.^'  The  covers  that  are  presently  available  have  the  ability 
to  contain  most  chemicals  for  subsequent  removal  or  recycle.  Vapors  can  be  contained  nearly 
completely  over  lagoons  where  off-gases  are  collected.  Membranes  capable  of  encapsulating  floating 
hazardous  chemicals  are  also  available.  On  land,  scaling  may  be  a  problem.  In  addition,  the  time 
required  for  installation  and  the  deployment  over  large  areas  where  separate  sheets  must  be  joined 
may  be  significant  drawbacks. 

Roating  cover  assemblies  are  presently  being  fabricated  by  suppliers  for  such  purposes  as 
protecting  drinking  water  supplies,  collecting  methane  gas  from  sewage  waste  lagoons,  and  .sealing 
a  broad  range  of  chemicals  for  atmospheric  i.solation.  A  typical  example  of  this  concept  is  the 
Hypalon  membrane  fitted  with  polyurethane  floats  offered  by  Globe  Linings,  Inc.  (Long  Beach, 
California).^’  Covers  up  to  9750  m’  have  been  installed,  typically  by  two  men  within  2  d  since 
normal  installation  uses  7.6-m-wide  .sections. 

The  selection  of  covering  membranes  and  the  method  of  deployment  must  consider  factors  such 
as  the  following: 

1.  probable  spill  size; 

2.  compatibility  of  the  membrane  with  the  spilled  material; 

?>.  weight  and  cost  of  the  membrane; 

4.  portability,  availability,  and  reuse  requirements;  and 

5.  interfacing  with  the  vapor  and  liquid  removal  operations. 

Depending  upon  the  chemical  resistance  requirements,  a  number  of  synthetic  materials  such  as 
butyl  rubber,  EPDM,  neoprene,  Hypalon,  polyethylene,  vinyl  chloride,  and  polyurethane  are 
available.  Sheets  can  be  provided  with  reinforcing  fabrics  for  added  strength.  Large  lengths  are 


tcasiblo,  but  larger  seelions  are  usually  made  by  an  appropriate  joining  method,  which  includes 
mechanical  svstems  such  as  zippers.  Velcro,  etc. 


Distribution  of  light  particulates  over  a  liquid  s  rfaee  is  anttther  means  of  developing  a  physical 
barrier  to  reduce  estiporaticm  losses.  Evaporation  is  decreased  by  the  presetice  of  the  densely 
packed  layer  of  particles,  which  reduce  convection  currents  and  insulate  the  liquid  surface.  This 
technique  is  presently  used  for  open  storage  tanks,  ponds,  and  reaction  vessels  to  restrict 
evaporative  losses.  Effective  materials,  in  the  form  of  hollow^  spheres  or  ek^sed-cell  ph.stic  foams, 
include  glass,  polypropylene,  and  polyurethane.  Polyurethane  has  been  demonstrated  to  have  the 
best  combination  of  chemical  resistance  and  mechanical  integrity.’^ 

Although  pttrtieulate  covers  are  potentiallv  effective,  cost  and  installation  problems  are 
deterrents  to  their  use.  The  tecitnique  vvamld  require  the  dispersal  of  a  minimum  of  .^(XX)  particles 
per  square  meter  of  spill  surface.  At  present  prices,  material  costs  would  be  approximately  Sl(XX) 
per  vquare  meter  (l‘XS2  U.S.  S)  and  up  to  KXM)  times  this  amtmnt  for  equipment  to  disperse  the 
particles.'' 

14.1.2  Vapttr  Curttiins 

Accidental  spillages  of  hazardous  fluids  from  fixed  storage  itisttillalions  or  during  transportation 
can  give  rise  to  toxic  and, or  nammtible  capor  clouds  that  cretite  .ittendanl  risks  to  both  exposed 
persons  and  property.  Although  the  potential  applications  of  water  spray  barriers  have  been 
recognized  for  some  time,  there  appears  to  be  little  information  ttvailable  to  tissist  ;t  potential  user. 
However,  Prugh  h;ts  published  information  on  the  design  of  water  spray  systems.''^ 

Experiments  have  been  performed  with  various  water  spray  btirrier  configurations  to  disperse 
clouds  of  carbon  dioxide. ''  Two  different  water  sprav  barriers  were  necessary  in  order  to  investigate 
all  the  necessarv'  configurations,  A  .2-m-high  barrier  employing  a  downward  directed  nozzle 
arrtingement  was  constructed  from  mild  steel  water  tubing.  ANo,  a  barrier  for  upward  directed 
nozzle  arrtingement  was  constructed  from  rigid  plastic  water  tubing.  Carbon  dioxide  was  used 
throughout  the  trials  as  a  representative  heavy  gas.  Most  of  the  results  were  eimsistent  with  the 


general  theor\’  that  inereasing  the  speeifie  volume  and  momentum  How  rates  also  increased  a 
barrier's  dispersive  efiieienev'.  Vapor  reduction  efficiencies  in  the  range  of  45  to  4<S';?  were  achieved 
at  water  spray  rates  over  the  range  of  5.1  U)  7.6  L  s  '  m  \ 

The  wind  direction  is  important  in  the  performance  of  the  water  vapor  curtains.  Since  the 
direction  is  rarely  constant,  barriers  have  to  be  made  wider  than  the  actual  cloud,  thus  inereasing 
their  water  consumption.  Alternatively,  they  may  need  to  be  portable  or  easy  to  redeploy  in  ease 
the  wind  direction  should  change  suddenly."' 

Nevertheless,  accepting  these  practical  problems  for  the  present,  it  has  been  established  that 
water  spray  barriers  can  aehiece  a  worthwhile  enhancement  of  the  rate  of  dispersion  and  dilution 
of  heasy  gas  spills."' 

Other  results  have  been  reported  in  which  water  spray  no/./.les  were  utilized  to  mitigate  LNG 
sapors.-"  The  first  few  inches  of  the  spray  pattern  were  essentially  a  sheet  of  water.  The  remaining 
distance  to  the  outer  boundary  of  the  spray  consisted  primarily  of  water  droplets.  These  tests  were 
made  with  wind  that  averaged  9  mph  with  gusts  up  to  17  mph.  Tests  indicated  that  concentration 
reductions  do  occur  and  demonstrate  the  mechanism  causing  the  reduction.  Two  mechanisms 
appear  to  be  likely  candidates:  heating  the  vapor  plume,  thereby  causing  it  to  rise;  and  increasing 
mechanical  turbulence,  which  cau.scs  improved  mi.xing.  Both  theoretical  analysis  and  observation 
of  the  tests  lead  to  the  conclusion  that  the  improved  mixing  is  due  to  mechanical  turbulence.  Water 
spray  systems  should  be  designed  to  provide  maximum  turbulence  in  the  vapor  zone.  Although  a 
general  basis  of  design  cannot  be  developed  based  on  this  information  alone,  sprays  can  be  effective 
in  reducing  the  flammable  plume  size  downwind  of  an  LNG  spill.  For  toxic  gases,  significant 
reductions  in  concentrations  have  been  achieved,  particularly  where  the  gases  are  readily  soluble  in 
water  such  as  ammonia  and  chlorine  vapors.  Prugh  indicates  that  the  use  of  water  sprays  is 
generally  limited  to  protection  against  water-soluble,  low-density,  or  nonflammable  vapors.'' 
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14.1.3  Induced  Air  Movement 

Simple  dilution  provides  a  direct  approach  toward  reduction  of  toxic  vapor  concentration.  The 
dilution  technique  involves  the  transport  and  mixing  of  uncontaminated  air  with  the  vapors  released 
from  a  chemical  spill.  The  volume  of  uncontaminated  air  must  be  sufficiently  large  to  maintain  the 
concentration  of  hazardous  chemical  vapors  below  their  threshold  limit  value  or  lower  flammability 
limit. 

Performance  specifications  can  be  calculated  from  data  generated  using  a  natural  dispersion 
model. ^  This  model  predicts  the  evaporation  rates  for  spills  of  floating  hazardous  chemicals  to  be 
in  the  range  of  1  to  3.5  m'  of  vapor  released  per  hour  per  m’  of  spill  surfaces  (3.3  to  11.5  ft'  h  ' 
ft-). 

Typical  spills  arc  anticipated  to  cover  between  378  to  3780  m'  and  release  between  378  and 
13,230  m'  of  vapor  per  hour.  If  an  average  threshold  limit  value  of  10  ppm  is  a.ssumed,  then 
between  3.78  X  10'  and  1.3  X  10''  m'/h  of  uncontaminated  air  must  be  added  to  maintain  the 
concentration  of  the  hazardous  chemical  vapor  at  this  limit.  If  an  average  lower  flammability  limit 
of  irf  by  volume  is  a.ssumed,  then  between  3.78  X  lO'*  and  1.3  X  10'’  m'/h  of  uncontaminated  air 
must  be  delivered  each  hour  to  prevent  a  vapor  fire." 

One  problem  that  must  be  considered  when  dispersion  is  used  involves  the  increase  in 
evaporation  rates  that  may  occur.  If  the  relea.se  is  a  vaporizing  liquid,  the  fan  may  significantly 
increase  the  total  toxic  or  flammable  vapor  generated. 

These  maximum  estimates  indicate  the  necessity  for  using  very  large  air-moving  equipment.  The 
dilution  technique  for  responding  to  spills  of  hazardous  chemicals  may  be  considered  to  be  a 
man-made  wind.  Such  large  gas  volumes  can  be  produced  by  blower  equipment  incorporating 
surplus  jet  engines.  Such  blowers  arc  used  by  railroads  to  remove  snow  and  by  airports  to  remove 
fog. 

Typical  examples  of  this  type  of  equipment  arc  manufactured  by  the  Railway  Maintenance 
Corporation.  Pittsburgh,  Pennsylvania."  Their  equipment  is  designed  to  remove  snow  from  the  road 
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beds  and  switches  to  permit  smooth  operation  in  winter.  An  c.vamplc  of  particular  interest  to  this 
application  is  their  Hurricane  model  blower,  which  utilizes  an  Alli-son  jet  engine.  This  blower 
can  generate  a  65()-mph  air  blast,  which  would  deliver  approximately  lO’  ft'/h  of  diluting  air  over 
the  spill.  The  Hurricane  model  jet  blower  is  fabricated  as  a  self-propelled  railway  car  assembly 
complete  with  the  accessories  necessary  for  5  to  6  hours  of  independent  operation.  It  occupies  a 
space  of  approximately  10  m2,  weighs  12,2.sO  kg,  and  costs  approximately  $75,000  (1979  U.S.  S). 
.\fodifications,  such  as  (lat-bed  mounting  or  skid  assembly,  for  shipboard  operation  arc  conceived 
as  resulting  in  a  reduction  of  over  5(K4  in  weight  and  cost  (47). 

14.1.4  Gelling  Equipment 

Gel  formation  involves  the  interaction  between  a  high-molecular-weight  molecule 
(macromolccule)  and  a  liquid.  It  is  one  form  of  liquid-phase  modification  which  has  seen  extensive 
development,  but  for  liquid  immobilization  rather  than  for  vapor  hazard  control.  The  gel  structure 
is  a  combination  of  physical  and  chemical  interaction  that  generally  results  in  the  formation  of  a 
two-  or  three-dimensional  network  of  macro-  molecular  cages,  entrapping  the  liquid  phase. 

The  formation  of  a  gel  generally  has  some  influence  on  the  evaporation  rate  and  hence  on  the 
vapor  concentrations  in  the  air  over  a  spilled  chemical.^  Reduction  of  evaporation  rate  is  achieved 
by  forming  a  continuous  cover  of  gelled  material  to  encapsulate  the  more  volatile  spilled  liquid. 
However,  the  primary  benefit  obtained  from  gelation  is  immobilization  or  confinement  of  the  liquid. 
The  time  required  for  the  gelling  reactions  to  be  completed  is  a  limiting  factor  for  this  technique. 
There  arc  a  few  gels  that  may  be  formed  within  minutes,  but  many  gelling  reactions  can  take 
hours.** 

A  "Universal  Gelling  Agent,"  developed  under  EPA  sponsorship  by  the  Calspan  Corporation, 
contains  a  specific  blend  of  gelling  agents  that  combine  the  flexibility  and  rapid  reaction  rates 
required  for  treating  spills  of  hazardous  chemicals.  A  listing  of  the  hazardous  chemicals  u.scd  to  test 
the  performance  of  this  agent  is  shown  in  Table  16.*  Currently,  information  is  not  available 
concerning  the  ability  of  these  gels  to  suppress  volatile  chemical  vaporization. 
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14.1.5  Vapor  Hazard  Controls 

14.1.5.1  Foam  Systems  for  Vapor  Suppression 

Foams  consist  of  an  agglomeration  of  air  and  water  with  a  small  amount  of  impurity  in  the 
water.  (Typical  foams  are  95*^  air  and  5%  water.)  The  impurity  present  in  the  system  is  the  source 
of  the  foam.  Becau.se  of  the  chemical  nature  of  the  impurity,  it  has  the  ability  to  lower  the  surface 
tension  of  the  water,  which  permits  formation  of  the  large  .surface  areas  characteristic  of  foams. 
Impurities  with  the  ability  to  lower  surface  tension  arc  called  surfactants  or  surface-active  agents. 
Foams  must  overcome  the  destructive  forces  of  surface  tensions  to  maintain  their  large  interfacial 
surface  areas.  The  mechanism  of  lowering  the  surface  tension  is  dependent  on  the  solubility 
differences  in  the  surfactant  chains.  Surfactant  molecules  arc  usually  alcohols  or  polymers.  Their 
hydrophilic  groups  are  very  soluble  in  water  and  are  typically  OH,  CO.Na,  SO,Na,  or  SO,K.  The 
highly  insoluble  group,  or  hydrophobic  group,  is  a  long  hydrocarbon  chain.  The  surfactant’s  surface 
activity  is  dependent  on  its  solubility  and  length.  Surface  molecules  orient  them.selvcs  in  a  particular 
fashion  in  the  bubble  wall.” 

The  hydrophilic  group  has  an  affinity  for  the  water  and  is  submerged  in  the  bubble  wall  or 
lamellae.  The  hydrophobic  group  prefers  the  air-water  interface,  and  a  portion  of  the  hydrocarbon 
chain  is  probably  located  in  the  internal  gas  of  the  bubble.  This  position  of  the  surfactant  molecule 
is  more  energetically  favorable  than  the  water  molecules;  con.sequently,  the  surface  tension  is 
lowered.” 

One  of  the  major  problems  of  the  foams  is  their  tendency  to  collapse.  One  mechanism  by 
which  foams  collapse  is  foam  drainage.  The  gravitational  effects  cause  excess  w'atcr  from  the  foam 
to  drain  through  a  .system  of  interconnected  lamellae  called  plateau  borders.  This  drainage  causes 
instability  because  the  lamellae  are  thinned  to  the  point  where  they  can  be  easily  ruptured  by 
vibrations,  by  disturbances  from  diffusing  chemicals,  or  by  physical  limitations  of  the  lamellae.” 

Another  mechanism  of  foam  collapse  is  caused  by  the  diffusion  of  air  between  adjacent  bubbles. 
TTic  internal  pressure  of  a  bubble  is  inversely  propttrtional  to  the  bubble  radius.  The  pressure 


123 


Table  16,  Compounds  for  which  Universal  Gelling  Agenr 
has  been  sliown  to  be  effective 


Acetone 

.Acetone  cvanohvdrin 
Ac  rv  Loni t  r i  le 
.Ammonium  hvdr oxide 
Anil i ne 
Benz aldehyde 
Benzene 
Butano 1 

Carbon  disulfide 

Carbon  tetrachloride 

Chlorine  water,  saturated 

Chloroform 

Cyclohexane 

Ethano 1 

Ethyl  acetate 

Ethylene  dichloride 

tthviene  glycol 


Formaldehyde 

Gasoline 

Isoprene 

Isopropyl  alcohol 

Kerosene 

Methanol 

Methyl  ethyl  ketone 
Octane  (2,2,4- trimethyl pen tone ) 
Or thodi chlorobenzene 
Petroleum  ether 
Phenol  (89%) 

Pyridine 
Sulfuric  acid 
Trichloroethylene 
Water 
Xy 1 c  ne 
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difference  between  adjacent  bubbles  creates  a  driving  force  for  the  diffusion  of  gas  between  bubbles. 
Consequently,  the  gas  from  the  smaller  bubbles  decreases  and  its  pressure  increases,  creating  larger 
driving  forces.*’ 

Surface-tension  agents  are  utilized  to  avoid  instability  in  foams.  Additives  aid  in  the  foam 
stability  by  increasing  the  surface  and  bulk  viscosity,  which  slows  drainage.” 

Some  properties  of  foams  are  the  expansion  ratio,  which  is  the  ratio  of  the  volume  of  expanded 
foam  to  the  volume  of  foam  solution,  and  the  quarter-drainage  time,  which  is  the  time  required  for 
25^r  of  the  liquid  in  the  foam  to  drain  out. 

Foam  quality  refers  to  the  distribution  of  bubble  sizes  and  the  mixing  of  the  foam  concentrate 
with  water.  Foams  with  a  broad  distribution  of  bubble  sizes  do  not  suppress  vapor  as  well  as  those 
with  uniform  small  size  bubbles.  Good-quality  foams  arc  also  represented  by  a  homogenous  mixture 
of  foam  concentrates  and  water.  High-expansion  foams  are  generally  more  efficient  at  suppressing 
vapor  than  lower-expansion  foams.  The  expansion  ratio  is  related  to  water  drainage  rates.  For  a 
given  foam,  increasing  the  expansion  ratio  will  increase  drainage  time  and  thus  improve  vapor 
suppression  efficiency.-’ 

Applying  foam  to  cryogenic  materials  or  low-boiling-point  materials  may  not  be  an  effective 
method  for  co^folling  vapor  release.  Water  drainage  from  the  foam  acts  as  a  heat  source,  thus 
increasing  vaporiz.ation.  The  rapid  vaporization  of  the  chemical  can  cause  chimneys  in  the  foam  and 
the  foam  collapses.  Improved  vapor  control  may  be  accomplished  by  using  slow-draining, 
high-expansion  foams.  The  initial  drainage  from  the  foam  will  increase  vaporization  but  then 
decreases  as  the  drainage  slows.” 

Foam  is  produced  by  mixing  foam  concentrates  in  water  in  the  range  of  2  and  10%.  The 
concentrates  arc  generally  made  up  of  around  40%  organic  solvents  and  40%  surface-active  agents. 
The  organic  solvents  are  usually  glycol  ethers  such  as  butyl  cthoxycthanol.  The  surface -active  agents 
can  be:  sodium  lauryl  sulfonates,  proteins,  or  synthetic  fluorinated  hydrocarbons.  The  remaining 
2()Cr  are  additives  for  foam  stability  and  protection. 


Figure  4  shows  a  noz/lo  apparatus,  which  is  a  basic  method  of  combining  water,  air,  and 
concentrate  Kt  produce  the  foam.  Water  under  pressure  is  passed  through  a  proportioner,  which 
meters  the  proper  amount  of  foam  concentrate  into  the  water  stream.  The  resulting  solution,  under 
pre.ssure  (but  wt'.h  air  not  yet  intrtrduced),  passes  through  additional  hose  to  the  foam  nozzle.  After 
the  pretportioner  inducts  the  concentrate,  the  foam  solutk)n  passes  throutjh  the  nozzle,  where  it 
creates  a  vacuum  to  induct  air  and  mix  the  air  and  solution  internally  to  fc^rm  foam. 

14.1.5.2  Vapor  Suppressitm  Characteristics 

Foams  have  the  ability  to  suppress  vaporization  when  applied  to  a  volatile  chemical.  Also, 
foam  applied  to  the  surface  of  a  vaporizing  chemical  reduces  the  diffusion  of  air.  The  foam  forms 
a  barrier  with  a  high  resistance  to  both  convective  and  molecular  diffusit)n;  it  also  has  the  ability 
to  ab.sorb  vapors.  Collectively,  this  results  in  a  reduction  in  the  concentration  of  the  volatile 
components  in  the  vapor  space  above  the  foam.  The  efficiency  of  vapor  suppression  depends  on 
the  vapor  pressures  and  the  solubilities  in  water  of  the  vaporizing  chemicals.-' 

Three  ways  of  mitigating  vaporiz.ation  can  be  attributed  to  foams:'* 

1.  The  foam  blanket  insulates  the  chemieal  from  solar  radiation  and  the  ambient  air,  thereby 
reducing  heat  input,  which  in  turn  reduces  vaporization. 

2.  The  foam  blanket  physically  suppresses  vapors. 

.^.  The  foam  blanket  absorbs  vapors. 

As  a  spilled  chemical  vaporizes,  the  temperature  of  the  chemical  pool  is  lowered  adiabatically. 
i  his  results  in  a  reduction  of  vaporization.  If  the  spill  is  on  land,  the  ground  will  initially  serve  as 
a  heat  source.  The  ground  will  quickly  cool  as  the  temperature  of  the  chemical  pool  dccrca.scs  and 
then  aid  in  insulating  the  pool  against  the  addition  of  heat  from  the  ground.  With  foam,  the  pool 
is  further  insulated  by  blocking  solar  radiation  and  convective  heat  transfer  from  the  surroundings.'' 

Foams  lose  their  ability  to  suppress  vapors  due  to  aging  or  environmental  effects  (w'ind. 
temperature,  humidity,  or  intensity  of  sunlight).  If  foam  has  lost  its  effectiveness,  another  layer  of 
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foam  must  be  applied  to  ensure  the  safety  of  response  personnel.  Foam  can  become  saturated  with 
vapors  from  the  chemical  and  thus  create  the  potential  for  ignition  if  the  chemical  is  flammable. 

14.1.5.3  Types  of  F('ams  for  Suppression  of  Toxic  Vapors  and  Fircfiehting 

Two  basic  foam  types  are  currently  available  and  in  wide  use  by  fire  services:  the 
protein-derived  materials  and  surfactant-  or  detergent-based  concentrates.  Within  the  surfactant 
category  there  are  two  types  of  foams:  hydrocarbon  and  fluorocarbon.  The  latter,  marketed  under 
the  generic  name  of  aqueous  film-forming  foams  (AFFF),  tend  to  be  film  formers  rather  than 
persistent  foam  formers.  The  AFFF  foams  are  designed  for  fast  knockdown  of  hydrocarbon  fires. 
This  film  also  impedes  the  escape  of  toxic  and  flammable  vapors.^ 

Protein-base  systems  also  have  modifications.  The  fluoroprotcins  arc  combinations  of 
fluorocarbon-surfactant  materials  with  protein-base  agents.  The  fluorinated  surfactants  have  been 
added  to  improve  properties  such  as  fluidity  and  surface  tension,  while  reducing  the  tendency  of  the 
protein  base  to  absorb  hydrocarbon  liquids.  The  fluoroprotcin  foams  demonstrate  fast  fire 
knockdown  and  tong-term  protection  against  the  reappearance  of  flammable  vapor  concentration 
above  a  spilled  liquid.  The  main  uses  of  fluoroprotcin  foam  are  in  hydrocarbon  storage  tanks. 
Fluoroprotcin  foams  arc  available  for  3  and  6%  proportioning  and  can  be  used  with  fresh  or  sea 
water. 

The  "alcohol  foams"  designed  for  use  with  polar  compounds  arc  normally  protein-base  types, 
although  polar  AFFF  foams  arc  now  being  made  available.'^  The  alcohol-type  foams  (ATF)  are 
developed  to  extinguish  hydrocarbon  and  polar  solvent  (water-miscible)  fuel  fires.  They  consist  of 
an  AFFF,  regular  protein-,  surfactant-,  or  fluoroprotcin-base  concentrate  with  either  a  metal  stearate 
additive  or  a  polymer  additive.  When  applied  to  polar  solvents,  the  additive  coalesces  into  a  gel, 
forming  an  insoluble,  low-permeability  skin  that  inhibits  vapor  release.  ATFs  with  a  polysaccharide 
additive  offer  protection  from  polar  or  water-soluble  chemicals.” 

Foam  concentrates  derived  from  hydrolyzed  protein  arc  widely  used  in  the  control  of 
hydrocarbon  fuel  fires.  The  regular  protein  foams  are  composed  of  animal  protein  containing 
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polwalcnt  cations  and  other  stabilizing  elements.  They  are  the  oldest  of  the  firefighting  foams. 
They  display  good  resistance  to  rcignition,  poorer  flowing  ability,  and  slow  fire  knockdown  for 
hydrocarbon  fires.'- 

Protein  foam  systems  have  been  long  recognized  by  their  ability  to  restrict  vapor  release.^'*  ATF 
foams,  when  applied  to  polar  solvents,  form  an  insoluble,  low-permeability  skin  that  inhibits  vapor 
release.  ATFs  have  shown  good  results  for  the  suppression  of  hazardous  vapors. 

14.1.5.4  Commercial  Foams 

Available  commercial  foams  have  their  own  trade  names  but  are  equivalent  to  the  general  types 
of  foams.  National  Foams  offers  two  general  classes  of  foam  concentrate  for  firefighting:  the 
regular  protein-based  type  and  the  synthetic  type.'^  National’s  NFPA  11,  11  A,  IIB,  409,  and  16 
define  recommended  minimum  rates  for  most  flammable  liquid  hazards.  As  a  general  rule, 
petroleum  products,  styrene  monomer,  benzene,  and  similar  flammable  liquids  require  a  foam 
solution  rate  of  at  least  0.1  gpm/ft’  for  fixed  systems  where  the  foam  can  be  flowed  on,  as  from  a 
chamber  on  a  tank.  Extinguishment  of  polar  solvents  such  as  alcohols,  esters,  ketones,  aldehydes, 
etc.,  require  a  special  type  of  foam  because  protein-based  liquids  and  AFFF  (aqcuous  film-forming 
foams)  are  destroyed  by  these  fuels. 

National  Foams  also  offers  a  "hazmat  NP  foam  series  that  is  claimed  to  suppress  vapors  from 
haz.ardous  material  spills.  TTiey  state  that  hazmat  CHF-413  has  been  used  very  effectively  to  control 
anhydrous  ammonia  spilled  into  a  pit.  Vapor  emission  was  reduced  to  the  point  that  it  was  possible 
to  stay  nearby  without  breathing  apparatus.  National’s  CHF-784  foam  was  applied  to  suppress 
clouds  of  fumes  coming  from  a  tank  that  contained  a  dangerous  mixture  of  nitric  and  hydrofluoric 
acids.  An  immediate  reduction  in  fume  evolution  was  apparent  and  it  was  then  possible  to  add 
limestone  to  the  tank  without  increasing  fume  evolution.''’  Experiments  with  National’s  CHF-784 
produced  a  much  greater  reduction  in  vapor  rclca.se  than  did  tho.se  with  fluoroprotein. 

A  new  "stabilized"  foam  technology  recently  developed  by  the  .3M  Company  is  claimed  to  offer 
long-term  suppression  of  hazardous,  flammable  and  noxious  vapors.'’  Using  this  technology,  3M 
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expansion  systems  H)  clfcct  a  Ibtim  coxcr.  and  this  can  spread  the  spill  or  cause  an  overflow  of 
impoundments.^ 

High-expansion  foams  use  about  one-half  of  the  water  volume  required  for  the  equivalent  cover 
of  low-expansion  h'ams.  Their  use  will  be  controlled  by  wind  conditions,  the  containment  of  the 
spill,  and  the  nature  of  the  spilled  material.  With  winds  below  4.5  m.  s,  mtiintenanee  of  an  adequate 
high-expansion  blanket  should  be  possible.  At  higher  wind  speeds,  some  method  of  downward 
eemtainment  I'f  the  foam  mass  by  fencing  or  other  structure  will  be  necessary.*^ 

14.1.5.b  Equipment  to  Prtrduce  Foams 

Both  low-  and  high-expansion  foam  equipment  is  available  in  fixed  and  porttible  units.  Lt)w- 
expansion  generators  come  in  sexeral  forms:  playpipes,  applicators,  air  no//les,  etc.  In  each,  the 
basic  mechanism  is  the  same  air  mechanically  entrained  into  a  foam  solution  by  agitation  within  a 
noz/le  system.  Unh  si/es  range  from  as  low  as  5  gal  to  4l)()()  g;il min.  The  larger  sizes  are  primarily 
marine  monitors  for  shipboard  use.  In  each  type  of  system,  output  and  foam  projection  arc  a 
function  of  water  flow  and  pressure.  The  critical  factor  involves  matching  ftiam  agent  input  to  water 
flow  so  that  an  acceptable  foam  is  madc.'^ 

Low-expansion  equipment 

Industrial  equipment  is  offered  by  several  foam  manufacturing  companies.  For  example, 
National  Foams  offers  a  large  variety  of  nozzle  and  monitor  combintitions  for  use  with  virtually  any 
flammable  liquid  hazard.'’  One  of  the  simplest  models  is  the  "Model  PC-.31  Nozzle"  that  is  available 
for  producing  a  straight  stream  only  or  for  a  straight  stream  with  spray  attachment.  It  delivers  .310 
gpm  at  150  psi.  A  pickup  model  for  foam  concentrate  proportioning  (with  a  fixed  orifice,  3  or  6Cz) 
permits  the  PC-.31  to  be  attached  by  its  2.5-in.  female  swivel  connection  to  any  existing  water 
monitor,  deluge  gun,  or  hose.  Foam  concentrate  m;iy  be  supplied  through  the  pickup  tube  from 
55-gal  containers. 

When  monitor-mounted  nozzles  of  larger  capticity  are  retiuirerl.  Nationttl  Foams  offers  a  range 
from  ‘XKl-  to  4(KK)-gpm  nominal  flow  rates  at  150  psi  inlet  pressure."  The  PC-OO  through  -200 
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series  are  available  wiih  either  manualh  operated  or  hvdraulieallv  operated  sprtiv  eonirol.  Figuie 
5  shows  one  ttf  these  models. 

There  are  also  mttbile  units  (see  Fug.  6).  This  ivpc  r)f  unit  is  lowed  to  the  hti/ard  area,  and  a 
tire  hose  is  ettnneeted  to  the  nearby  foam  truck  or  other  suitable  proportioning  source.  These  units 
are  asailable  in  .3-in.  and  4-in.  sizes  for  a  range  of  (low  rates  from  150  to  1000  gpm.'’ 

Fechnology  developed  by  .3M  illustrates  the  use  of  a  typical  siabili/ed-fttttm  application  system. 
It  msoKes  premising  a  proprietary  surfaetant-based  temporary  foam  concentrate  at  a  bf-f 
eoncentratitin  in  water  and  passing  the  pressurized  premi.x  through  a  hose  line.  A  proprietary'  3M 
agent  is  then  injected  or  educted  at  about  h't  concentration  into  the  temporarv  foam  concentrate. 
.A  stabilized  foam  is  subsequently  produced  by  passing  this  stream  through  a  conventional 
air-aspiring  or  air-injecting  foam  nozzle.  Immediately  after  generation,  the  sitibilized  foam  exhibits 
the  same  fluidity  as  its  precursor  temporary  foam,  but  within  1  to  4  min  (depending  on  the 
temperature)  transforms  into  a  tough,  elastomeric,  nondraining  foam.  Stabilized  foam  systems  have 
been  formulated  which  exhibit  excellent  long-term  vapor  suppression  over  a  wide  siiriety  of  chemical 
hazards.'''  Low-expansion  foams  can  be  discharged  for  maximum  distances  of  ,3()  to  2(K)  ft,  depending 
on  the  nozzle  size  and  pressure  used.  These  distances  can  also  be  achieved  by  using  an  eductor; 
however,  water  pressure  must  remain  constant  at  the  junction  to  the  eductor.  In  general,  foams 
should  be  directed  to  a  point  just  in  front  of  the  spilled  chemical  or  to  a  wall  behind  the  spilled 
chemical.  This  ensures  that  the  foam  will  How  across  the  surface  of  the  chemical  and  maintain  its 
structural  integrity.  The  application  rate  of  low-expansion  foam  for  vapor  control  is  not  as  critical 
as  that  for  high-expansion  foams  because  low-expansion  ftrams  can  be  applied  rapidly  with  respect 
to  mass  time.''’ 

I lieh-expansjim  foam  euuipmeiit 


F ligh-expansion  loams  are  made  by  spraying  a  foam  solution  against  a  screen  while  applving 
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Figure  6.  Roamin'  Chariot 


bkming  air  from  behind  the  screen.  Foam  gcneraiui^  range  in  si/e  from  1(X)  to  55,000  efm  output. 
The  smaller  units  are  usually  the  air-aspirating  type  t)f  generators.  In  this  form,  there  are  no 
moving  parts.  TTie  foam  solution  is  forced  at  high  pressure  against  the  foam  screen.  The  force  of 
the  water  spray  aspirates  sufficient  air  to  form  foam.  Since  air  aspiration  is  an  inefficient  process, 
expansion  ratios  are,  by  nature,  on  the  low  end  of  the  high-expansion  range.  Small  units  start  near 
1(X):1,  but  even  the  larger,  l(XX)-cfm  unit  docs  not  e.xceed  450:1.^ 

With  blower-type  devices  the  water-foam  solution  is  discharged  onto  the  screens  through  which 
an  air  stream,  developed  by  a  fan  or  blower,  is  passing;  as  the  air  passes  through  the  screens,  wetted 
with  foam  solution,  large  masses  of  bubbles  or  foam  are  formed.  The  blower  may  be  powered  by 
compressed  air  or  gas,  by  an  electric  motor,  by  an  internal  combustion  engine,  or  by  a  hydraulic  or 
water  motor.  This  type  produces  foam  of  expansion  up  to  1(XX);1.‘‘' 

Small  air-aspirating  units  can  produce  up  to  KXX)  cfm  of  foam  and  can  be  operated  using  a 
hose  line.  Portable  or  wheeled  units  operating  off  hose  lines  arc  available  at  outputs  up  to  6(XX) 
efm.  A  few  trucks  have  been  built  with  12,(XX)-cfm  water-driven  units  mounted  integrally.  Water 
pressures  from  40  to  80  psi  are  required,  with  the  higher  pressures  needed  for  water-driven  units. 
High-expansion  foams  must  be  directed  onto  the  spill  using  a  foam  chute  or  other  conveying  device. 
The  depth  is  sufficient  to  keep  the  concentration  of  most  vapors  beneath  or  within  the  lower 
explosive  limit. 

.Vtedium-expansion  foam  equipment 

The  flooded  pl.Ue  generators  have  application  in  medium-expansion  foams.  A  perforated  metal 
phiie  is  mounted  midway  in  a  rectangular  enclosure.  The  plate  surface  is  chtinneled  with  foam 
solution  flowing  down  the  channels.  Air  is  introduced  underneath  the  plate  to  generate  the  foam. 
Output  and  expansion  arc  controlled  by  the  si/e  and  distribution  of  the  perfonition,  the  rate  of 
solution,  and  the  air  How  into  the  generator.  Flooded-plate  generators  h;ive  application  in  that  they 
are  able  to  produce  foams  in  the  rtinge  of  KM)  to  2(X):1  with  solutions  too  viscous  to  be  suitable 
lor  normal  high-expansion  genertitors.  Thus,  medium-expansion  foams  can  he  made  Irom  solutions 
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containing  high  percentages  of  water-soluble  polymers.  This  results  in  highly  stable,  slow  collapsing, 
slow-drainage  foams.  The  flooded  plate  can  also  be  used  where  high  percentages  of  solids  have  been 
slurried  into  the  solution.*" 

14.1.5.7  Fircfiiihtini!  Foam  Generation  Equipment 

Foam  is  generated  with  regular  firefighting  equipment  using  special  air-aspiration  nozzles  or 
foam-generating  equipment.  For  good-quality  foam,  the  foam  concentrate  and  the  water  must  be 
mixed  to  form  a  homogeneous  solution.  If  this  is  not  accomplished,  the  resulting  foam  will  have 
a  poor  bubble  distribution,  which  will  affect  the  efficiency  of  the  vapor  suppression.” 

Foam  should  be  applied  indirectly  to  the  spilled  chemical  surface  to  avoid  mixing  of  the  foam 
and  chemical.  With  the  use  of  a  backboard,  foam  can  be  gently  applied  to  the  chemical.  Foam 
generated  the  first  15  to  30  s  of  startup  should  not  be  used  because  it  is  poorly  mixed  and, 
therefore,  its  ability  to  suppress  vapors  is  reduced.” 

High-expansion  foams  arc  thinner  than  low-  or  medium-expansion  foams  and  thus  arc  more 
vulnerable  to  the  wind.  A  9-mph  wind  can  displace  a  high-expansion  foam  layer  of  4  in.  A  5-mph 
wind  can  displace  a  6-in.  foam  layer.” 

14.1.5.8  Applvine  Vapor  Suppression  Foams 

Assuming  there  is  no  fire  and  that  the  foam  type  is  compatible  with  the  spilled  material,  vapor 
supprc.s.sion  foam  will  be  destroyed  at  a  low  rate,  thus  making  the  application  rate  less  critical. 
However,  response  organizations  should  attempt  to  cover  a  spill  as  gently  and  as  rapidly  as  their 
equipment  will  allow  without  creating  turbulence  because  release  of  toxic  and/or  flammable  gases 
will  continue  until  the  entire  area  is  covered. 

14.1.5.9  Quantitative  Vapor  Suppresion  by  Foam 


Experimental  results  using  several  foams  on  different  chemicals  are  shown  in  Table  18.  For 
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Table  18.  Total  vapor  suppression  time 
(20  in.  of  foam) 


Total  suppression  t  inu 


Chem i ca 1 

Type  of  foam 

(min) 

To luene 

Emulsi flame  2% 

11 

Cyclohexane 

Emulsifliime  2% 

20 

Kthvl benzene 

Emulsi flame  2% 

11 

Cvc lohexane 

Lorcon  Full -Ex  2% 

2  2 

Benzene 

Lorcon  Full -Ex  2% 

2  5 

To lue nc 

Lorcon  Full -Ex 

40 

T  thy Ibenzc  nc 

L.orcon  Full -Ex 

40 

Cyclohexane 

MSA  Ultrafoam  2% 

100 

Benzene 

MSA  Ultrafoam  2% 

40 

Toluene 

MSA  Ultrafoam  2% 

60 

Bthvlbenzene 

MSA  Ultrafoam  2% 

100 
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up  to  2(1  min,  clhyibcn/cnc  up  to  11  min,  ctc.'- 

Othcr  experimental  data  results  show  Rohm  &  Haas  ASE  Wl/TVISAR  surfaetants  persisted  for 
approximately  25  to  30  min  when  eontrolling  N^Oj  vapors.  The  Rohm  &  Haas  ASE  95 
(polyaeryliel/MSAR  surfactant  persisted  for  more  than  2  h  when  controlling  amine  fuel  vapors.'^ 

Data  for  the  reduction  of  vaporization  have  also  been  collected.”  Reduction  in  vaporization 
is  measured  as  the  ratio  of  actual  concentration  (using  foam)  with  respect  to  the  monitored 
concentration  of  free  vaporization  (no  foam).  Results  are  shown  in  Table  19. 

Flammability  suppressitm  by  foam 

Experimental  data  have  been  developed  to  determine  the  secure  time  to  reach  the  lower 
explosive  limit  (LEL)  (fixed  at  2i)'  <)  as  a  function  of  the  depth  of  foam.  For  example,  data  utilizing 
alcohol-type  concentrate  (ATC)  foam  (6'^f)  are  shown  in  Table  20.  In  summary,  these  quantitative 
data  indicate  that  substantial  improsemenls  in  vapor  suppression  of  m;iny  toxic  chemicals  must  be 
achieved  before  this  method  can  be  considered  as  a  viable  countermeasure  to  hazardous  chemical 
spills.  Also,  foams  arc  useful  only  /or  releases  of  volatile  liquids  where  the  toxic  or  flammable 
vapors  arc  evaporating  to  form  a  vapor  cloud.  In  eases  where  very  volatile  materials  have  been 
released,  the  foams  arc  useless  since  a  vapor  cloud  is  formed  immediately  and  reduction  of  the 
vaporization  rate  is  not  possible. 

14.2  EMERGENCY  EQUIPMENT 
14.2.1  Chlorine  Emergency  Kits 

Severe  exposure  can  occur  whenever  chlorine  is  handled  or  used.  A  person  making  or  breaking 
a  chktrine  connection  should  have  a  suitable  escape-type  respirator  immedititely  available.  The 
following  types  of  equipment  are  available; 

1.  Self-contained  breathing  apparatus  is  suitable  for  high  concentrations  of  chlorine,  and  it  is 
the  preferred  means  of  respiratory  protection  for  the  usual  chlorine  user.  It  provides  protection  for 
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Table  19.  Reduction  in  vaporization 


Reduction  in 

Time  duration 

Foam  type 

concentration 

( min) 

A;r;;'u:i  i  .-i 

Koine  ts  Extract 

50 

120 

.■\;r,;ro;:  ikB 

National  Foams 

55 

120 

c  r  V  L  o  n  i  t  r  L  I  e 

Universal  Polar  (10%) 

50 

40 

!  \i  rhoi! 

Universal  (10%) 

95 

40 

:1;  s'.:l  f  idc 

.■\e r  -  0  -  P'oain  (3%) 

90 

40 

.'\er-0-Foam  Water  Plus 

90 

40 

XL- 3 

75 

75 

Kt  r;vl.-ne 

PS[.  10% 

50 

average 

120 

ov  i  dt' 

Universal 

50 

average 

120 

Aer-O-Water  Plus 

40-50 

120 

hvl 

Universal  (10%) 

50 

90 

rvlatc 

Polar  Liquid  A 

50 

90 

PSL  10% 

40 

90 

Polar  Liquid  B 

40 

90 

:'!t  haiiol 

Universal  (10%) 

50 

60 

PSL  10% 

50 

120 

'.'invl  acetate 

Universal  10% 

60-70 

60 

PSL  10% 

60-70 

60 

Aer-O-Water  Plus 

40-50 

60 

.•\co  t  one 

Universal  10% 

40-50 

40 

PSL  10% 

80-60 

40 

Bur  ano 

PSL  10% 

50 

100 

P  rop-,'  1  one 

Un i ve  rsa 1 

40 

10 

lU 


Table  20.  Depth  of  foam  to  achieve  a  secure  time 


( A 1 c  oho  1 ■ 

•tvpe  concentrate. 

20%  LED 

i'hem  ica  1 

Secure  time 
(min. ) 

Depth  ot 
(in. 

D i oxane 

60 

2.0 

I  PA 

60 

3 . 0 

■Acetic  acid 

60 

3  .  5 

F,  thano  1 

60 

7 

Lsopropyl  etiier 

60 

V  3 

Heptane 

60 

'y  ,  U 

MEK 

60 

6  .  1 

To  1  tie  lie 

60 

6  ,  5 

Me  th.ano  1 

60 

7 . 0 

Ethvl  acetate 

60 

■/  .8 

THF 

60 

1 0 . 2 

.Acetone 

60 

10. 5 

Butyl raldehyde 

60 

11.2 

Anil ine 

30 

2.0 

Ch 1 o  robenzene 

30 

2.0 

Butvl  acetate 

30 

2.0 
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a  perit)d  that  varies  with  the  amount  of  air,  oxj'gen,  or  oxygen-produeing  ehemicals  carried  by  the 
apparatus. 

2.  A  hose  mask  having  a  full  facepiece  and  with  air  supplied  through  a  hose  from  a  remote 
hand-operated  blower  is  suitable  for  high  concentrations  of  chlorine.  The  blower  air  supply  must 
be  free  of  air  contaminants. 

?>.  An  industrial-canister-typc  mask,  with  a  full  facepiece  and  a  chlorine  canister,  is  suitable  for 
moderate  concentrations  of  chlorine,  provided  sufficient  ambient  oxygen  is  pre.sent.  The  mask 
should  be  used  only  for  a  relatively  short  exposure  period. 

About  3(1  years  ago,  a  study  of  chlorine  industry  incidents  revealed  that  a  great  majority  of 
chlorine  container  leaks  involved  leaking  valves,  valve  packings,  gaskets,  and  similar  equipment.^ 
In  response  to  this  situation,  the  chlorine  industry  developed  emergency  kits.  Kits  for  cylinders,  ton 
containers,  and  tank  cars  were  first  made  available.  Today  there  are  three  standardized  emergency 
kits  for  use  with  chlorine  containers.  These  include  the  A  kit  for  45-kg  (100  lb;  and  68-kg  (150  lb) 
cylinders,  the  B  kit  for  908-kg  (ton)  containers,  and  the  C  kit  for  railroad  tank  cars  and  highway 
trailers. 

Emergency  kit  A  for  cylinders  contains  a  clamp  to  control  fusible-plug  leaks,  a  hood  to  cover 
a  leaking  valve  with  means  to  hold  it  in  place,  and  a  patch  to  control  leaks  from  small  holes  in  the 
side  of  a  cylinder.  Emergency  kit  B  for  ton  containers  contains  a  hood  to  cover  a  leaking  valve  and 
a  beam  to  hold  it  in  place,  a  hood  to  cover  leaks  in  a  fusible  plug,  and  a  patch  to  control  small 
leaks  in  the  side  of  the  container.  Emergency  kit  C  for  tank  cars  and  tank  trucks  contains  an 
angle-valve  hood,  a  safety-valve  hood,  and  a  beam  to  hold  either  hood  in  place  against  the  manway 
cover,  thus  preventing  leakage  through  the  valve  or  the  joint  between  the  valve  and  the  cover. 
There  arc  no  parts  to  handle  leaks  in  the  tank  itself.  All  kits  contain  wrenches  and  other  tools,  but 
no  respiratory  equipment  is  included. 


1 

14-4 

1  14.2.2  Commcrcialiv  Avaikihlc  Olt'-Loadine  Pumpint;  Systems 

1  When  a  tDxie  or  tlammahle 

liquid  material  is  released  during  a  spill,  off-loading  of  the 

rcmainme  eonients  of  ihe  tank  or  carrier  is  often  one  of  the  major  mitigation  procedures  used. 

AIm',  if  a  patch  or  plug  can  he  applied  to  stop  the  leak,  this  procedure  is  used  to  prevent  further 

release  and  permit  repair  or  disposal  of  the  vessel. 

Submersible  pumping  systems 

for  off-loading  petroleum  products  or  for  dewatering  operations 

are  eommereiallv  available.  These 

pumps  can  be  used  for  low-volatile  hazardous  materials;  however. 

their  application  would  probably  not  be  practical  for  high-volatile  materials. 

The  following  list  includes  ten  commercial  pumps: 

AD.APTS  (Air  Deliverable 

The  prime  mover  is  a  lightweight  diesel- 

Anti-Pollution  Transfer 

hydraulic  unit  of  approximately  40  hp. 

System) 

The  pump  is  a  two-stage,  mixed  flow, 

10-in.  Byron  Jackson  with  integral 
hydraulic  motor. 

APTS  (Anti-Pollution 

This  is  a  lighter  commercial  version  of 

Transfer  System) 

ADAPTS,  and  it  is  single  stage. 

STOPS  (Self-Contained 

Tanker  Off-L<iading  Pump 

System) 

TJiis  is  almost  identical  to  APTS. 

Prosser  25-hp  Pump 

This  is  a  25-hp  electrically  driven  pump 
with  modified  impellers  to  increa.se  the 
flow  rate  when  pumping  high-viscosity 
oils. 

Prosser  4()-hp  Pump 

TTiis  is  a  40-hp  electrically  driven  pump 
similar  to  the  25-hp  model. 

.Vlarco  UUX)  Capsulpump 

This  is  a  pump  of  centrifugal  design,  which 
is  rated  at  28.4  hp  and  is  hydraulically 
driven. 

Sloan  Model  6  Mixed  Flow- 

This  is  a  mixed-flow  pump,  which  is 

Pump 

hydraulically  driven  and  is  rated  at 

90  hp. 

F'ramo  Model  TK-4 

This  is  a  hydraulically  driven  pump,  which 
is  rated  at  approximately  60  hp.  It  is 
designed  for  emergency  lighting. 

Framo  Model  TK-6 

This  is  a  hydraulically  driven  pump,  which 

is  rated  at  227  hp. 

Moyno  Rotary  Screw  Pumping 

This  pump  is  capable  of  pumping  No.  6 
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oil  without  preheating;  it  is 
hydraulieally  powered  at  approximately 
80  hp. 

Hot  Fluid  Spray  System  A  hot-oil  spray  heating  system  (for  use 

with  centrifugal  pumps)  to  reduce  the 
viscosity  of  heavy  oils,  which  is  under 
development. 

Removal  of  spilled  material  from  groundwater  often  involves  the  u.se  of  separators  and  holding 
tanks.  Skimming  devices  and  pumping  systems  specially  designed  and  constructed  for  the  materials 
being  handled  should  be  utilized  whenever  possible.  When  this  equipment  is  not  available,  the 
contaminated  groundwater  can  be  pumped  into  collection  trenches  or  pools  equipped  with  an 
impermeable  liner  or  barrier.  Vacuum  equipment,  such  as  a  surface  skimmer  or  pump  and  hose, 
may  then  be  used  to  separate  material  in  the  trench  or  pool.  In  some  cases,  material  from  the 
trench  or  pool  could  be  pumped  into  a  gravity  separator  erected  on-site.  Water  from  the  separator 
can  be  discharged  to  a  wastewater  treatment  plant.”' 

14. 2. .4  Inert-Gas  Systems 

Fire  and  explosions  can  be  prevented  by  the  creation  of  an  atmosphere  that  will  not  support 
combustion  by  reducing  the  oxygen  content  of  the  normal  air  (contains  21 oxygen).  The  fire  and 
explosion  hazard  of  many  materials  can  be  safeguarded  during  storage  and  processing  operations  by 
the  use  of  a  suitable  inert  gas  since  combustion  of  most  materials  will  not  occur  if  there  is  an 
absence  of  atmospheric  oxygen  or  if  its  concentration  is  reduced  below  certain  specific  limits. 
Typical  examples  are  its  use  to  make  tanks  inert  prior  to  repair,  to  empty  flammable  liquid  storage 
tanks  by  pressure,  to  prevent  the  formation  of  explosive  mixtures  in  drying  ovens,  and  to  blanket 
flammable  products  in  storage  tanks  or  reaction  equipment. 

Any  inert  gas  may  be  used  for  this  purpose,  but  consideration  of  avaihibility  and  costs  limits 
such  use  to  carbon  dioxide,  nitrogen,  and  mixtures  of  carbon  dioxide  and  nitrogen  produced  by 
combustitm  (as  in  flue  gas,  internal  combustion  engine  exhausts,  and  other  inert-gas  producers). 
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Other  gases,  sueh  as  argon,  helium,  and  the  ehlorinated  or  Huorinated  hsdroearbons  (Halons), 
may  satisly  speeial  needs.  In  the  lixed-solume  method  of  applieation.  the  system  to  be  protected 
is  purged  and  the  titmosphere  is  rendered  inert  by  first  redueing  the  pressure  and  then  introducing 
inert  gas.  In  the  continuous  method  of  applieation,  the*  inert  gas  is  added  continuously  in  an 
ttmount  sufficiently  lo  supply  peak  requirements. 

Inert  gas  from  the  internal-eombustion  engine'  type  of  prttducer  consists  of  1.5  to  IdO  carbon 
dioxide,  /ere  oxygen,  a  trtiee  of  carbon  monoxide,  and  the  remainder  nitrogen.  The  inert  gas  from 
this  type  of  producer  is  stored  under  a  pressure  of  UK)  to  125  psi.  Consideration  must  ho  given  to 
the  location  and  installation  of  producers,  ptirtieularly  of  the  llame  type,  in  order  not  to  introduce 
lire  and  explosion  hti/ards."' 

Carbon  dioxide  or  nitrogen  in  cylinders  is  probably  the  best  source  of  inert  gas  for  small  plants, 
t'r  where  the  systems  are  of  small  volume  and  loss  through  leakage  is  relatively  small.  Carbon 
dioxide  fire  extinguishers  should  not  be  used  since  they  are  designed  to  discharge  a  liquid  rather 
than  a  vapor. 

Another  inert  gas  can  also  be  obtained  by  the  catalytic  oxidation  of  ammonia  with  air  which 
forms  NO  gas.  A  further  means  of  obtaining  inerting  media  is  by  the  liquefaction  of  air  with 
subsequent  fractionation  to  produce  nitrogen.  Package  units  of  various  capacities  using  this  method 
are  now  commercially  available. 

14.2.4  Patchini;  and  Plueiiinti 

Patching  and  plugging  are  methods  used  to  prevent  or  reduce  the  discharge  of  hazardous 
chemicals  from  most  types  of  chemical  process  equipment.  Table  21  lists  the  results  of  a  survey  of 
patching-plugging  techniques  preptired  by  Battelle  Memorial  Institute.'''  The  most  promising 
eoneeptutil  approaches  i  ;  v  j  listed  in  Table  .4.12  proposed  for  development  included  the 
following: 


Table  21. 


1Tb 


Pa  t  ch  i  ng  -  p  lut'.g  i  up,  r  echn  i. qiie .s 
l\  ah.  name  De-script  ion 

i  re  t  Ociiii  P’ 1 '-ip.  pi'obe  with  an  applicator  f  i  consist  inr,  of  a 

tliin  slieath  of  semiporotis  (siliconei  or  non.- 
juna^ns  v  po  l\nire  thane  )  rvihher  intc>  wliich  is 
iitjt'Cted  a  se  1 1  -  t-;-:pan<i  i  np,  po  1  vin'e  t  h.ii'.e  foam 

n  ‘  t  .-P  rigid  concave  form  that  pro-rides  t  eiipo  iii  r  r 

ii'i-cluinical  snppiort  tor  a  p'.ittv  i  epioy.-.' /  jiatch 
nntil  the  patch  material  h.ard.iis.  ll'e  pnttv 
is  inji.cted  thronp.h  t!u  t  .lir-il  rmr  h.indle  on  t  ht 
f  orm . 

■eciiidqne  .lar-e  as  pnt  t  v  ,  excefit  that  po  Ivor..  :  iriia-  m'  pol'.-s 

;('<![!■;  is  .S' ills  t  i  t  nt  c-ti  for  t-poxv  [/-.itt'.’ 

Kip.i^i  i>  i  v'.-aKHl  shi'ets  pilaced  o’.'v  i’  t!.<.  d.,'.r,  .ipr 

.lie:;  and  held  it;  plac-  as  tnciiceted: 

•p.atcli  is  iratle  leak-proof  with  the  r,,iske:  inr 
irati-rial  of  for.m,.'.so  1  i  d  rubt)(-r  or  ep-.ox'r  pnt  tv 
it;.. :  e  r  i  a  1 


o.ted-fahric  ptiich  Vni'ioiis  fal.iric.s  .sneh  ciS  neoprc-iie,  -.’iiivl,  or 

ii'/fs  i  1  on  -  coa  t.  ed  nvlon  placed  o-.er  tl.iiiiap.ed  <irea 
ititi  l.eld  in  pLace  with  (■:•:[)  1  o.^  i -.-e  1  v  dri-'en  .stud 

e-’r.t  •  s  strij's)  flan  he  loc.iteel  along  the  pe-rlphe'.;’,  of  the  con.t 

f.iliric  patch;  molded  si.ction  cn-p  seal  striji, 
pierm.anent  Iv  ho!id,  cl  to  the  periplnrv  of  t  lu- 
fabric  patch,  could  also  he  usc-d  to  hold  t.lie 
pat.eh  in  i'lace;  other  methods  ol  holcii.ng,  the- 
patch  in  place  include  bolted  {latc'hes. 
a dhc-  s  i  ’re-  s  ,  pat  c.he  s  ,  e.  f. c  . 

•  .  1 1 .  i  r  ,  i  1  f)ati;:!i  ’Tiibrella  tvi)e",  a  coa  t  ed  -  t  ah  r  i  c  r  '  h  -  s  t  i  t  i  e  ;ani 

expiciiid.ah  1  e  patch,  configured  siiiiil.ii'  to  .m 
ordinarv  umhrellri:  the-  folded  p,,tvh  i  .s  iii.-a  r; 
tlii'o'ir.h  tile  damaged  hole-  and  opein  d  ii'a :  r  i. .  1  1  r  ; 
iracktij.'  ho.ard  .rn-.d  Imttc-rfl'r  nu:  .illow  :!r 
p.itrll  to  he  [allied  tir.illl’V  ar.oile.I  thi  iln.ld- 
n  1  .  e' .  .  o  the  d  ill  -i  I'.ed  a  ft  a  . 


148 


•  I'  C  U  I  K '  >:  ■  P 


,-'l  r  lU  1  i  r  pi  pe 
I'OMOc-Dt: 


'  h  j;:da  i  d' 


r.i!>  1  v  1  i'  (.’oiU  i  ilui-d ) 


Dfscri ption 


c  1  amp  -  sb.aped  device  that  produces  local 
deformation  and  flattening  of  a  pipe  with  an 
explosively  activated  ram,  thus  pinchinp,  off 
the  fluid  flow 

As  before  except  ram  is  activated  bv  hydrciulic 
cylinder  and  mantial  hydraulic  pump 

A  sp.lit  sleeve  typo  coupling  with  bolteci 
f  1  angt' -  t  ype  asseirblv;  used  t  o  cover  damugi-d 
areas  of  pipie 

A  coated  pipe  patch  using  a  Velcr''  fasteU'-r 
tip.d  an  intc-gral  inflation  hlader  in  the  inaniu  r 
of  a  medical  doctor's  blood  pressure  measuring 
device;  the  patch  is  wrapped  around  the 
dtiiTiaged  pipe  and  secured  in  place  with  the 
Velcro  fastener 
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1.  abated  fabric  patches  applied  by  a  stud  gun  or  suction  cups, 

2.  for  leak  stoppage, 

3.  air-inflated  plugs, 

f.  hydraulic  pipe-pincher  concept  for  emergency  shutoff,  and 

5.  a  Velcro  "bandaid"  concept  for  leak  stoppage. 

An  explosive  pipe-pincher  concept  also  appears  promising  for  small-diameter  pipes  from  the 
standpoint  of  rapid  installation  and  activation  during  emergencies  releases.  No  vendors  have  been 
found  for  such  a  device,  but  the  components  are  available  and  have  been  applied  in  the  aerospace 
industrx,'"’  Another  promising  concept  concerns  the  installation  of  explosive  actuators  on 
lexer-operated  block  valves  in  critical  chemical  facilitv  pipelines.  Instantaneous  closure  of  such 
xaKes  could  be  achieved,  particularly  when  the  valves  are  located  in  remote  locations.  Technical 
Ordnance,  Inc.  (Minneapolis,  Minnesota)  produces  a  line  of  explosive  actuators  that  could  be 
employed  for  such  an  application;  valve  size  would  not  be  limiting  since  the  force  required  would 
be  very  much  lower  than  that  required  to  pinch  off  a  pipe  or  tube.''’ 

14.2.5  Response  and  Communications  Equipment 

An  inventory  of  equipment  of  fire  control,  spill  control,  and  decontamination  should  be 
included  in  an  emergency  plan.  Some  key  pieces  of  equipment  are  booms,  sorbent  materials, 
detoxifying  materials,  fire-fighting  equipment,  alarm  systems,  and  emergency  telephones  All 
emergcnc'y  equipment  should  be  regularly  tested  and  inspected,  and  appropriate  records  should  be 
maintained. 

An  emergency  converted  "motor  home"  response  van  useful  for  providing  fast  initial  response 
has  been  described  by  Lee."'  Employment  of  this  system  could  aid  in  the  identification  of  released 
material,  assessment  of  the  incident,  and  initial  containment  and  contrid  of  the  incident  until  an 
industrial  or  government  team  arrives  for  containment  and  cleanup  of  the  incident.  This  response 
unit  will  also  handle  the  total  management  of  small-scale  incidents,  if  nccessarx-.  The  unit  must  be 
staffed  with  trained  professionals  available  on  24  h  call.  The  unit  should  be  fullv  loaded,  equipped. 


and  sclf-a'ntaincd. 


The  hazardous  materials  response  unit  shituld  be  a  san  that  has  the  lollovving  equipment  as  a 
minimum:  (1)  monitoring  equipment;  (2)  goggles  and  masks;  (3)  plugs  and  tools;  (4)  gloves;  (5) 
first  aid  kit:  (6)  patehing  materials;  (7)  lights,  water,  and  foam  equipment;  (8)  tool  storage;  and  (9) 
lihrarv',  files,  and  desk. 

The  inventors  of  such  a  unit  may  comprise  the  items  in  Table  22,  which  are  carried  by  the 
Houston  Fire  Department  Ha/ardtius  Materials  Response  Vehicle.'' 

14,2.6  Equipment  fim  Fires 

The  following  classificatit'ns  of  fires  are  used  for  the  selection  of  fire  extinguishers: 

Cla-ss  a.  Fires  involv  ing  ordinarv  ci'mbustible  materials  (such  as  wood,  cloth,  paper,  rubber,  and 
many  plastics)  requiring  the  heat-absorbing  (cooling)  effects  of  water,  water  solutions,  or  the  coating 
effects  of  certain  dr\  chemicals  which  retard  conibustitm. 

Class  B  Fires  involving  flammtible  or  combustible  liquids,  nammablc  gases,  greases,  and  similar 
materi.ils,  where  extinguishment  is  most  readily  secured  by  evduding  air  (oxygen),  inhibiting  the 
release  of  combustible  vapors,  or  interrupting  the  combustion  chain  reaction. 

Class  C.  Fires  invttiving  live  electrical  equipment  where  safely  to  the  operator  requires  the  use 
of  electrically  nonconductive  extinguishing  agents. 

Qass  D.  Fires  involving  certain  combustible  metals  (such  as  magnesium,  titanium,  zirconium, 
s('dium.  potassium,  etc.)  requiring  a  heat-absorbing  extinguishing  medium  nttt  retietive  with  the 
burning  metals. 

Some  portable  fire  extinguishers  are  of  primary  value  on  only  one  e!a:,.,  .T  fire;  some  are 
''Uitable  for  two  cm  three  classes;  none  is  suitable  for  all  four  classes  of  fires. 

Most  currentiv  manufactured  extinguisheis  ,ire  labeled  with  ;t  classilicaiion  system  so  th;it  users 
may  quickly  identify  the  class  of  fire  for  which  a  particular  extinguisher  may  be  used.  The 
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classification  system  is  contained  in  the  NFPA  Extinguisher  Standard,  which  gives  the  applicable 
class  symbol  with  supplementary  words  to  recall  the  meaning  of  the  letters."^ 

Numerals  are  used  with  the  identifying  letters  for  extinguishers  labeled  for  Class  A  and  Class 
B  fires.  ITie  numeral  indicates  the  relative  extinguishing  effectiveness  of  the  device.  For  example, 
on  an  extinguisher  rated  for  Class  A  fires,  the  rating  and  numeral  that  precede  the  letter  "A” 
indicates  the  si/e  of  standard  test  fires  the  device  is  able  tt>  extinguish  sueeessfully  under 
reproducible  laboratory  conditions.  On  an  extinguisher  rated  for  Class  B  fires,  the  rating  nunicidl 
that  precedes  the  ■’B"  gives  a  proportionate  indication  of  the  maximum  square  foot  area  of  a 
Hammable  liquid  fire  of  appreciable  depth  (1,4  in.)  which  can  be  protected. 

No  rating  numerals  are  used  for  extinguishers  labeled  for  Class  C  fires  since  electrical 
equipment  has  either  Class  A  or  Class  B  combustibles,  or  both,  as  part  of  its  construction."' 

14,2.b.  1  Special  Ssstems  and  Extiniiuishinii  Techniemes 

There  are  certain  extinguishing  and  control  systems,  agents,  devices,  and  techniques  that  arc 
used  with  varving  degrees  of  success  when  the  fire  eategorv  is  not  very  common.  These  include: 
(1)  systems  using  water  or  water  solutions  for  particular  fire  control  needs,  (2)  combustion  gases 
used  for  extinguishment,  (,'^)  ;iir  agitation  for  oil  lank  fire  camtrol.  (4)  agents  and  techniques  for 
contri'lling  fuel  and  chemical  spills,  (5)  steam-smothering  systems,  and  (6)  combined-agent  system;'.. 

14.2.6.2  Water  or  Water  Solutions 

Comprising  the  speciali/ed  systems  utilizing  water  or  water  solutions,  we  have  the 
ultrahigh-speed  water  spray  systems,  which  are  designed  to  handle  extremely  rtipid  fires  of  the  type 
that  can  occur  in  the  handling  of  solid  propellants,  sensitive  chemicals,  and  any  industrial  process 
or  o.xvgen-enriched  environment  possessing  this  type  of  fire  potential.  I'lie  wetting-agent  systems 
(meeting  the  requirements  of  NF-'PA  No.  S,  ^tandard  for  wetting  ageniv)  can  utilize  standard  water 
vprav,  sprinkler,  or  foam  system  equipment.  The  viscous  water  systems  mav  have  the  lollinving  basic 
systems  for  ground  applications: 


1.  InjccKH-rccirculaiint;  iin^und  tanker  svsicm.  This  consists  of  a  centrifugal  pump  and  an 
injector-dispenser  where  the  liquid  and  dr\’  powder  combine  and  flow  into  the  tank. 

2.  Demand  viscous  water  tanker-mixer.  This  consists  of  an  auxiliary'  mixing  tank,  an  auger  feed 
mechanism,  and  a  positive-displacement  rotary-  meter  acting  as  a  power  unit  for  the  feed  system. 

.1.  Slip-on  chemical  tanker-mixer.  This  consists  of  a  skid-mounted,  all-metal  unit  for  mounting 

onto  a  hea\y-duty  tractor-trailer  for  off-road  assignments."' 

14.2.6..1  Air  Aititation  lor  Control  of  Oil  Tank  Fire 

Under  some  conditions,  a  fire  in  an  oil  storage  tank  may  be  controlled  or  extinguished  by 
introducing  air  under  pressure  near  the  bottom  of  the  tank.  The  principle  is  founded  upon  the  fact 
that  flammable  and  combustible  liquids  require  a  temperature  greater  than  their  flash-point 
temperature  to  sustain  burning.  If  a  tank  of  oil  having  a  flash  point  above  the  actual  temperature 
of  the  liquid  itself  becomes  ignited  (when  the  temperature  at  the  surface  is  raised  above  the  flash 
point),  the  resulting  fire  may  be  controlled  or  extinguished  by  agitation  of  the  oil  mass.  By  agitating 
the  oil  mass,  cool  oil,  circulated  at  a  proper  rate,  decreases  the  temperature  of  the  oil  burning  at 
the  surface  by  displacement  and  mixing  to  a  point  below  its  flash  point,  thus  slowing  or  inhibiting 
further  combustion.  This  technique  is  not  considered  a  standard  method  of  combating  oil  tank 
fires."' 

14.2.6.4  Handling  Spilled  Fuels  and  Chemicals 

Emulsifying  agents-detergents  have  been  used  with  varying  degrees  of  success  in  extinguishing 


or  controlling  flammable  liquid  spill  fires  either  on  land  or  on  water.  A  major  problem  with  the 
use  of  emulsifying  agents  and  detergents  in  lakes,  rivers,  harbors,  etc.,  is  that  the  resulting  emulsions 
often  ha\e  a  more  severe  effect  on  aquatic  forms  of  life  than  does  oil  alone."' 
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14.2.6.5  Steam  Smothering  Systems 

The  prineiple  hy  which  steam  may  smother  a  fire  is  similar  to  the  manner  by  which  inert  gases 
may  achieve  the  same  result  (e.g.,  reducing  the  cxmcentraiions  of  oxygen  and/or  the  gaseous  phase 
of  the  fuel  in  the  air  to  the  ptrint  where  combustion  stops).  The  use  of  steam  systems  for  fire 
extinguishment  precedes  the  use  of  other  modern  smothering  systems  such  as  carbon  dioxide  and 
foam  extinguishing  systems  and  is  rarely  used  today.  It  is  clearly  not  a  practical  methtid  to  employ 
except  in  cases  where  a  large  steam  supply  is  continuously  available  or  where  arrangements  have 
been  made  so  that  this  supply  can  be  effectively  and  efficiently  tapped  when  a  fire  emergency  arises. 
The  possible  personal  injury  hazard  of  burns  must  be  considered  in  any  steam  extinguishing 
installation. 

Steam  smothering  systems  used  to  be  employed  for  the  protection  of  cargo  spaces  and  the  holds 
of  steamships.  However,  this  method  is  no  longer  recommended.  Tests  indicating  the  relative 
inefficiency  of  such  systems  to  control  cotton  cargo  fires  were  conducted  bv  the  U.S.  Coast  Guard 
during  the  period  1944-1946."' 

14.2.6.6  Combined-Atient  Systems 

It  is  common  practice  in  firefighting  to  u'C  two  or  more  agents  simultaneously  or  in  rapid 
sequence.  Some  common  combinations  used  in  manual  fire  control  work  include:  (1)  water  and 
foam,  (2)  carbon  dioxide  and  foam,  and  (.'^l  certain  dry  chemic.ils  and  foam."' 

14.2.7  lotbels  and  Placards 

Hazard  labeling  is  a  common  governmental  approach  to  warning  the  public  of  that  hazard,  and 
most  federal  agencies  employ  one  form  of  labeling  or  another.  Specifications  for  the  appearance 
of  the  l.'ibels  are  very  parlicuhir  and  include  the  size,  shape,  lia/.aid  ssivd'Cdogy,  cxiiitr,  and  written 
legend.  Etich  l.ibcl  must  he  ;it  least  4  in.  square  and  must  be  oriented  on  the  package  with  the 
point  up,  giving  the  square  a  dititmmd  configuration,  fiach  hibel  must  htive  ti  solid  line  border  at 


least  3.5  in.  kmg  on  each  side.  E.xeept  when  having  an  outer  border  consisting  of  a  dotted  line,  each 
label  on  a  package  must  be  tm  a  background  of  contrasting  color. ^ 

The  basic  elements  of  the  label  are:  the  color,  which  is  carefully  prescribed  in  the  regulations 
and  is  also  part  t'f  the  international  labeling  system;  the  symbol,  which  gives  the  name  of  the 
prim;ir>'  hazard  of  the  product;  and  the  verbal  message  or  legend,  which  gives  the  name  of  the 
primary  hazard  for  which  the  material  is  classified.  The  proper  names  and  corresponding  colors  of 
today's  labels  are  listed  in  Table  23. 

.Motor  vehicles  and  freight  containers  containing  1()()()  lb  or  more  (gross  weight)  of  the 
hazardous  materials  classes  are  listed  in  Table  24  and  must  be  placarded. 

14. 2. S  Personal  Safety  Euuipment 
14.2.N.  1  Pndeclive  Chdhina 

The  selectitm  of  items  of  protectise  clothing  depends  on  the  le\el  of  jHoteetion  desired  for 
emergenc'y  response  personnel.  The  specific  items  that  are  available  are  boots,  gloves,  safety  glasses, 
goggles,  face  shields,  hard  hats,  ttprons.  splash  suits,  and  fully  encapsulated  suits  with  independent 
air  sources.  Depending  on  the  identity  of  the  htizardous  material  spilled,  the  le\el  of  protection  to 
present  physical  harm  can  vary  from  a  minimum  of  boots,  gknes,  and  hard  hats  to  a  maximum  of 
a  totally  encapsulated  suit.  Selection  and  purchase  of  protective  clothing  depend  on  the  behavior 
of  the  ekrthing's  material  when  challenged  by  a  spilled  chemical.'^ 

14.2.iS.2  C'lolhinu  Selection 

The  necessary  protcctise  clothing  and  equipment  should  be  selected  based  on  the  assessment 
of  the  material  involwd  and  the  relative  hazards  and  risks.  E'our  types  cT  cknhing  related  to  the 
needs  of  the  fire-fighter  are  listed:''^ 

I.  F-'irefiehier's  protective  clothing.  Full  protective  clothing  for  use  at  hazardous  material 
emergencies  is  not  the  same  as  full  protective  clothing  used  in  structural  firefighting.  Acco'-ding  to 
NFPz\,'''  full  protective  clothing  is  "protection  to  prevent  gases,  vajiors,  liquid  and  solids  from 
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Names  colors  of  current  labels 

for  bvizardiv.is  rr.atericils 
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cand  border  in  black 
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border  in  black 

Red.  with  flame  symbol,  inscription,  and 
border  in  black 

•"•’hite.  with  vertical  candy  strifes  it'd 
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b ’-r  ier  in  black;  the  words  '  F  l.irrj'iab, : 
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W>nte.  with  no  symbol,  hut  an  inscripticr  :n 
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'•pper  half  yellow  and  lower  half  whit«,  with, 
radioac t 1 VI ty  symbol .  inscription .  and  rorder 
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bars  in  red 

Upper  half  yellow  and  lower  half  white,  with 
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'.'pfer  half  white,  with  'eaten  hand"  an  i  mr-triL 
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flame  f-vmhol.  i  r.s  r  r  i  pt  i  on  .  and  hordor 
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ci'iiiiriii  in  contnci  v\ith  the  skin."  This  includes  the  helmet;  coat  and  pants;  rubber  boots;  gloves; 
bands  I'r  duel  tape  around  legs,  arms,  waist,  and  facepiece;  as  well  as  etnering  lor  the  neck,  ears, 
•ind  other  parts  (h  the  body  not  protected  by  the  helmet,  breathing  apparatus,  or  face  mask.  ITiis 
dctiniiion  t;tkes  into  account  mc>re  protection  that  is  normally  considered  as  lull  protection  by 
liretighlcrs  -  and  a  great  deal  nn're  than  that  normally  provided  tor  E.MTs.  Common  firelighter's 
pri'ieciivc  ch'ihing  diies  not  pri  vide  adequate  protection  against  chemical  pcrme;tlion  lu  degradation 
due  to  chemical  e\pi)sure.  It  nittv  offer  limited  protection  against  solid  materials  and  liquids; 
hvw<.Acr,  It  is  inell'eciivc  against  gases  and  vapors. 

2.  N('ncncapsulalina  chemic.il  protective  chilhina.  C'hcmical  h;i/aids  .md  the  potential  h;irm 
irom  their  release  mav  retjuire  that  spcciali/ed  protective  clothing  be  worn.  \(nu'nca|isulating 
Cu  inKal  protective  Joihing  is  speciali/ed  clothing  th;it  docs  not  oiler  a  single,  integral  level  id 
proicstion.  It  ts  commonlv  lound  as  single-piece  coveralls  and  ivvo-picce  iwcralK  or  pants  worn  in 
. oiiiunciiori  with  a  j.icket. 

,\1;inv  dillcrcnt  clothing  materials  are  avaihibic,  including  neoprene,  butv!  rubber,  polvv.nyl 
Ciloridc  and  chlorinated  polyethylene  (chloropel 

'  Fincapsuiaimi:  chemical  protective  clothint;.  Encapsuhiting  suits  are  specialized  isrotectivc 
Ci'ihine  that,  when  used  with  air-supplicd  re.spiratorv  protcclii>n  devices,  I'llcrs  lull-bodv  protection 
Irom  ,1  hostile  chemical  environment.  Criteria  for  using  these  suits  include; 

(a  I  W  hen  extremely  hazardous  subst.mces  are  known  or  suspected  to  be  present  and  skin  eamtact 
!-  possible  (evanide  compounds  or  to.xic  and  infectious  substances). 

ib)  l  or  potenii.d  coniaet  with  substances  th;it  deslrt'y  skin  (corrosives). 

le  I  l  or  oper.iiioris  involving  unknown  or  unidentified  substances  and  requiting  emergenev  response 
personnel.  Common  suit  materials  include  butyl  rubber,  polvviiul  Cilonde,  Viion,  ,ind 
chlorinated  poivcthvicne  (chloropel).  In  addition,  dispos;dvlc  encapsul.iiing  suds  consnucied 
m  Ivvek  R,  Sar.in  R,  and  polycihvlene  co.itcd  iir  Satan  laiiimalcd  Iwek  ,iie  .iv.iilaldc.  Hutvl 
rubber  is  uunpatible  with  approximately  7(1';  ol  the  chemie.ils  listed 


4.  Hijh-icmporalurc  proicciivc  (.loihini:.  Specialized  high-temperature  protective  clothing  is 
u-cd  in  ''ituations  vs  here  response  [personnel  must  operate  in  high-heat-flux  and  high-temperature 
ensironmenis  and  large  llammable  liquid  and  gas  emergencies  that  exceed  the  protection  factors  of 
structural  lircfightmg  equipment. 

Two  i>pcs  of  aluminized  protective  clothing  ensembles,  each  a|tplicable  to  a  specific 
cn\ ironment,  are  commonlv  found.  Of  these,  proximitv  suits  such  as  those  used  by  airport  crash, 
lire,  and  rescue  crews  arc  most  common.'^ 

Proper  proicctise  gloscs  should  be  worn  whenever  the  potential  for  cimlttct  with  corrosive  or 
tv'xic  materials  ,ind  rnateri,ils  ol  unknown  toxiciiv  exists.  Glose  matcri.ils  are  cvcntutilly  pcrm.eated 
b>  chemicals;  however,  ihe\  can  be  used  safely  for  limited  pcrti'ds  if  specific  use  and  glove 
s haras 'eristics  arc  known  (thickness  and  permeation  rate  and  time).''  Common  glove  materials 
include  neoprene,  polyvinyl  chloride,  nitrile,  and  butyl  and  natural  rubbers."  Itisulaled  gloves  should 
be  used  when  working  at  temperature  extremes.  Various  synthetic  materitils  such  as  Nomex(R)  and 
Kevlar(R)  can  be  used  briclly  up  to  1(KK)'F. 

A  v.irictv  o!  specialized  clothing  and  equipment  is  commercially  available  for  use  in  laboratories. 
14.2.N..V  (.ienei'il  Live  Protection 

(.'ontact  lenses  anu  prescription  glasses  may  be  worn  in  hazardous  situations  when  protected  by 
additiontil  safetv  equipment.  The  minimum  acceptable  eye  protection  requires  the  use  of 
hardcned-gl.iss  or  plastic  safety  spectacles.  Safety  ghisses  should  comply  with  the  Standard  for 
I'll  cuptitional  and  fiducaiion  live  .ind  Face  Protection."  The  /\meric;in  Ntiliontil  Standard  Institute 
s[iccifics  a  minimum  lens  thickness  id  .4  mm.  imptict  resisttince  requirements,  passage  of  a 
llammability  lest,  and  lens-rcitiining  frames.  Side  shields  that  atltich  to  regular  stifely  spectticics  offer 
some  protection  from  objects  that  apprivach  from  the  side  but  do  no'  provide  adcqutilc  protection 
from  spla'-hcs. 

Goggles  arc  intended  for  we.ir  when  there  is  danger  of  splashing  chemicals  or  Hying  particles. 
Splash  goggles  that  have  spl.ish-proof  sides  should  be  used  when  protection  Irom  h.irmful  chemical 


^[1las■n  is  ncodci,). 

F  ace  shields 

Gogeles  otter  lilile  pioi''ei  on  to  ihc  face  and  neck.  Full-faced  shields  that  protect  the  face  and 
throat  should  tilvsa-.s  he  v.orn  when  maximum  protection  from  Ihing  ptirticlcs  and  htirmful  liquids 
is  needed;  li'r  full  pr'oleclion,  safe!\  ghtsses  should  be  worn  with  the  shields."' 

I4.2.S.4  Respirtitots.  Protectiec  Equipment 

There  are  two  basic  t\pcs  of  respirators;  ;iir-purif\ing  ;ind  titmosjihere-suppiyiniz.  The 
air-purilying  respirtitor  i  -  dependent  on  the  conitiminated  air  and  conttiins  an  ttir-purifyinL'  element 
ia  tiller,  ;i  sorbent  materi  1,  or  a  ctnnbintiiion  of  both).  The  aimos|ilierc-suppl\ me  respiralim  is 
independent  ot  conciminated  ;tir  and  is  either  self-eoniamed  or  uses  an  air-line  and  hose  mtisk  for 
,iir  sup['l\,"  The  etn'icc  ot  an  appropritiic  respiranm  for  ;t  eiscti  situation  will  det'cnd  cm  the  type 
oi  eontaminaticn,  its  estimated  or  measured  eoncentrtition.  its  known  expo'-urc  limits,  and  hazardous 
properties.  Ttiblc  2s  sluiws  a  uuidc  for  the  selection  of  respirtitors." 

Ghemictil  cartridae  respirators 

These  are  used  onl\  tor  prc'teclion  against  ptirlicuhir  indi\idu;tl  xtipors  or  eases  specified  by  the 
respirator  manutacturcr,  .Also,  these  respirators  cannot  be  used  if  tlic  ('\\gcn  content  of  the  air  is 
less  thtin  I'l.f’''.  Thc\  function  by  the  entrapment  of  toxic  wipors  and  eu'Cs  in  a  canister  that 
umtains  adsorbent  mtilcrial.  ActotUed  charcotd  is  probtibly  the  most  common  tulsorbcnt. 
Atmosphere  sup pKine  respirators 

The  second  main  category  of  respirators  is  atmos|ihere-suppi\ mg.  The  hose-mask  tm  air-line 
respirator  has  limited  ;i[iplic;iiion  and  is  not  used  lor  .itmosphcrcs  immcdiaieb  lui/ardous  to  hetilth. 
rills  deMcc  provides  ihe  lowesi  level  of  proiev'ion  for  the  aimosphere-su|iplv mg  ivpe  of  respirators. 
A  tonimiious  llow,  ,i!i-lmc  res|iiralor  delivers  breathable  air  at  ;i  const, ml  How,  usu.dlv  1  IT  min. 
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The  air  line  respirator  eomes  in  two  modes:  demand  and  positive-pressure.  In  the  demand  mode, 
the  air-line  valve  opens  c)nly  when  a  slight  negative  pressure  is  produeed  inside  the  mask  as  a  result 
of  inhalation.  In  the  pirsitive-pressure  mode,  a  slight  positive  pressure  of  air  is  maintained  in  the 
faeepieee  at  all  times, 

Another  type  of  respirator  in  this  eategory  is  the  self-eontained  breathing  apparatus  (SCBA). 
A  smtill  SCBA  for  "emergency  egress  only"  is  available.  It  lasts  from  ?>  to  15  min.  This  type  usually 
has  a  high-pressure  source  of  compressed  air  and  plastic  hood  that  covers  the  entiie  head. 

Companies  that  manufacture  open-circuit  devices  are:  Mine  Safety  Appliances,  Scott,  Survivair, 
and  Globe. "Open-circuit"  means  that  the  air  you  breathe  eomes  from  a  compressed  air  source 
and  is  subsequently  expelled  into  the  surrounding  atmosphere.  These  devices,  with  a  30-min  air 
supply,  weigh  tiround  .^2  lb.  They  are  mounted  and  can  usually  be  switched  between  the  demand 
mode  ;ind  the  positive-pressure  mode. 

Antdher  type  of  SCBA  uses  recirculation  to  conserve  the  oxygen  supply  which  comes  from  a 
compressed  oxygen  source.  This  type  is  atlled  a  rebreather.'^  The  exhaled  air  is  not  expelled  but, 
instead,  passes  through  a  CO,  absorber  and  enters  a  breathing  bag  to  mix  with  fresh  ox^/gen.  The 
How  is  then  returned  to  the  facepiece.  This  apparatus  has  definite  advantages  since  its  air  supply 
duration  is  longer  and  it  weighs  considerably  less  (about  17  to  24  lb)  than  the  open-circuit  SCBA 
discussed  above. 

The  oxygen  generator  uses  a  chemical  source  of  oxygen  that  is  liberated  when  carbon  dioxide 
and  moisture  arc  absorbed  from  the  exhaled  air.  A  breathing  bag  is  provided  to  mix  the  incoming 
oxygen  and  the  purified  exhaled  air.  It  can  be  used  for  30  min  only;  however,  there  is  a  potential 
problem  inx'oKing  water  contamination  the  canister  can  explode  when  the  pressure  levels  exceed 
the  rupture  limits. 
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14.3  EMERGENCY  WARNING  AND  EVACI  ATION  SYSTEMS 

Em(.rgcnc\-  warning  and  evacuation  systems  are  of  utmost  importance  in  the  prevention  of 
injuries  and  fat;ilities  from  releases  of  toxic  chemicals.  For  fires  and  explosions,  warnings  and 
evacuations  may  be  less  effective  due  to  the  short  lead  times  and  the  possible  wide  area  effects.  For 
Hamnitible  vapor  clouds,  the  fire  hazards  are  severe  within  the  cloud  and  can  extend  well  beyond 
the  lower  flammable  concentration  limits  due  to  possible  thermal  radiation  effects  from  a 
nammable  vapor  cloud  fireball.  For  an  explosion,  the  blast  effects  may  extend  hundreds  of  feet  from 
the  center  and  can  be  particularly  severe  on  occupants  of  buildings  not  designed  for  blast  protection. 
Therefore,  unless  adequate  warning  is  ^iven  prior  to  a  fire  or  explosion  (preferably  during  the  period 
when  the  event  is  impending),  the  probability  ttf  ccape  is  quite  low  hrr  those  persons  in  the  critical 
zone  for  these  events  The  disaster  that  occurred  at  Waverly,  Tennessee,  tm  Feb.  24,  197S  ,  clearly 
demonstrated  this.  A  though  an  official  evacuation  was  in  effect  40  h  after  a  railroad  tank  car  filled 
with  LPG  derailed  in  downtown  Waverly.  Tennessee,  the  actual  evacuation  extended  only  to  the 
three-block  vicinity  the  car.  Consequently,  when  the  BLEVE  (boiling  liquid  expanded  vapor 
explosion)  look  place,  there  were  fifi  casualties,  including  many  persons  in  nearby  businesses. 
Obviously,  warning  and  evacuation  would  have  been  futile  after  the  onset  of  the  explosion. 
Consequently,  in  our  judgment,  far  more  statutory  emphasis  should  be  placed  on  requiring 
immediate  notification  and  evacuation  in  cases  where  there  is  imminent  danger  of  a  toxic  cloud 
release,  fire,  or  explosion  even  when  no  release  of  hazardous  materials  has  occurred  (sec  Sect. 
16..3.1). 

For  toxic  chemical  releases,  estimates  have  been  made  by  EPA  of  the  factors  controlling  the 
effectiveness  of  large-scale  movements  during  evacuations.  Prugh'”'  suggests  the  application  of  these 
results  to  warnings  and  evacuations  prompted  by  toxic  vapor  clouds.  The  effectiveness  is  a  function 
of  the  area  to  be  evacuated,  the  population  density,  and  the  warning  time.  Warning  time  (the 
interval  between  the  start  of  a  vapor  cloud  release  and  the  arrival  of  the  cloud  at  a  point  of 
interest)  is  a  particularly  important  factor.  For  example,  estimates  indicate  that  evacuation  of  an 
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area  of  1  square  mile  eontaining  5tX)()  people  would  only  be  approximately  79?  effeelive  for  a 
warning  time  of  0.1  h,  effeetive  for  a  1.0  h  warning  time,  and  greater  than  99%  effective  for 
a  lO-h  warning  time.  Other  factors  that  dccrca.se  the  evacuation  effectiveness  include  increases  in 
both  the  area  to  be  evacuated  (square  miles)  and  the  population  density  (people  per  square  mile). 
For  example,  for  a  warning  time  of  1  h,  increasing  the  population  density  from  5(XX)  people  located 
in  a  1  square  mile  area  to  50,(XK)  persons  in  the  same  area  decreases  the  evacuation  effectiveness 
from  50%  to  about  20'"?.'^ 

Sorenson  has  addressed  .sc.a,ral  (see  Tabic  26)  that  enter  into  tne  etlectivcncss  ot 

evacuations  for  hazardous  materials  and  other  emergencies.^"  He  ccmeludes  that  many  of  these 
issues  arc  valid  points  to  consider  in  developing  state-of-the-art  esaeuation  plans. 

Summarizing  a  review  of  public  behavior  during  three  major  hazardous  materials  evacuations, 
Sorenson  indicated  that  no  major  problems  were  encountered  with  getting  people  to  evacuate  except 
for  the  Love  Canal  situation.”  People  arc  more  likely  to  evacuate  their  homes  when  they  perceive 
the  situation  to  be  personally  threatening.  During  one  chlorine  gas  release  in  Canada,”  a  number 
of  residents  evacuated  before  official  orders  were  issued;  the  impetus  was  provided  by  media  reports 
and  police  requests.  However,  in  the  Love  Canal  situation,  the  ambiguity  and  lack  of  clarification 
of  the  perceived  toxic  chemicals  threat  over  a  period  of  time  caused  the  residents  to  develop 
mistrust  for  both  the  officials  and  the  experts,  thus  negating  the  perception  that  the  situation  was 
personally  threatening.  In  a  propane  tank  car  derailment  near  Puget  Sound,  Washington,”  the 
evacuation  was  determined  in  part  by  the  public’s  belief  in  the  warning  and  the  level  of  perceived 
risk.  Both  of  these  factors  were  enhanced  by  the  specificity  of  the  warning  received  and  the 
credibility  of  the  warning  source.  Confirmation  by  other  sources  also  contributed  to  belief  in  the 
warning. 

Studies  at  the  Disaster  Research  Center,  Ohio  State  University,”  indicate  that  most  evacuations 
occurring  in  response  to  transportation  releases  are  sprmtaneously  aided  by  word-of-mouth  warnings. 
The  response  is  generally  quick,  usually  spontaneous,  and  not  based  on  formal  evacuation  plans. 


Table  26.  Evacuation  issues 


Fhvsical  Hai’.ard  (.Tiarac  t  e  r  i  s  t  ics 

I'ncertaintv  in  ability  to  specify  hazard  parameters 

Uncertainty  in  ability  to  detect  hazards 

Svtidd  of  onset  constraiirs  evacuation  effectiveness 


Wa rn ing  Characteristics 
Uncertainty  in  ability  to  alert 

Information  characteristics  constrain  evacuation 


Social  1  .s  s  n  e  s 

Social  factors  (denial  of  need,  etc.)  affect  risk  percept  i  on.s 
Cultural  factors,  etc.  affect  the  ability  to  receive  warnings 
Economic  fac-ors.  etc.  affect  the  ability  to  evacuate 

Organizational  Issues 

Planning  elements  are  inadequate 

Training  of  evacuation  personnel  is  inadequate 

Technical  basis  for  evacuation  planning  is  inadequate 


Response  Issues 

Physical  factors  (population  density,  etc.)  constrain  evacuation 
Public  behavior 
Emergency  worker  behavior 

Evacuation  not  accepted  as  beneficial  by  the  public 


Problems  arc  frequently  encountered  in  these  ad-hoc  evacuations  including  the  need  to  evacuate 
more  than  once  to  other  areas  and  guidance  upon  reentry  after  the  emergency. 

C  aarantelli  '  concludes  that  mo,>t  comntunities  arc  not  well  prepared  for  evacuations.  He  states 
that  disaster  preparedness  for  chemical  emergencies,  including  evacuation,  is:  "neither  accorded 
high  community  priority  nor  systematiealK  addressed.  ...  In  particular,  disaster  preparedness  for 
chemical  emergencies  is  plagued  hy  the  public-private  seetitm  division  in  our  society,  and  also  by 
the  fact  that  tne  kteal  community  (which  nece.ssarily  has  to  be  the  first  response)  has  generally  less 
capability  and  knowledge  for  dealing  with  chemical  emergencies  than  extra-  and  supra-community 
social  entities." 

Id.."^.!  Emereenc~v  Warning  Systems 

A  public  warning  system  for  ha/mat  releases  or  potential  imminent  fires  or  explosions  must 
es:.entially  not  only  warn  the  community  but  also  provide  specific  directions  for  evacuation  and/or 
sheltering.  Some  systems  consist  of  separate  alerting  components  such  as  sirens  and  horns  plus 
suitable  communication  components  (e.g.,  public  addre.ss,  radio  and  TV  broadcasts,  etc.).  Others 
such  as  telephone  or  door-to-door  procedures  accomplish  both  purposes  at  the  same  time.  An 
effectixe  system  must  alert  and  notify  the  public  as  soon  as  possible  in  an  emergency  situation  and 
include  a  follow-up  that  checks  o  determine  whether  the  mcs.sage  has  been  received  by  the  entire 
population  of  the  designated  emergency  response  zone. 

Audible  warning  devices  arc  used  most  commonly  for  alerting  the  public  of  emergencies  from 
fixed  chemical  pla.it  ,  cs.  Tltese  include  sirens,  bells,  bullhorns,  whistles,  and  public  address 
system  announcements.  '  They  typically  arc  designed  to  emit  warnings  at  least  10  dB  above  average 
noise  levels  at  the  location  of  the  population  at  risk.  They  also  must  be  distinctive  for  the  intended 
alert  and  should  not  have  sounds  similar  to  other  alarms  in  the  vicinity.  EPA  indicates  that  the 
broad  use  of  different  tones  for  sirens  fot  different  purposes  has  not  been  effective  since  a  large 
portion  of  the  public  is  not  able  to  clearly  recognize  different  tones  and  does  not  remember  what 
these  tones  signify.  Gray^'’  indicates  that  evacuation  orders  broadeast  from  helicopters  and  patrol  cars 
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svcrc  not  effective  in  reaching  the  public  during  a  chemical  plant  explosion  in  a  metropolitan  area 
that  released  methyl  parathion  fumes. 

Probably  one  of  the  most  effective  warning  and  evacuatiim  events  took  place  in  Mississauga, 
Canada,  in  November  1979  following  the  derailment  of  a  chlorine  tank  car.  '  Within  24  h, 
approximately  225, (MX)  persons  were  warned  and  evacuated  from  15  sequentially  declared  zones. 
About  95'7  of  the  population  at  risk  received  the  evacuation  warning  before  leaving,  primarily 
ihrttugh  media  warnings  and  police  requests.  A  significant  amount  of  voluntary  evacuation  took 
place  before  the  official  orders  were  issued.  The  succe.ss  of  the  evacuation  was  att’^ibuted  to  unique 
institutional,  social,  and  environmental  factors  and  to  extensive  preplanning  prior  to  the  event. 

Combined  alert  and  notification  systems  are  available  commercially.''  The  most  common  are 
alert  radio  receivers,  telephone  alert,  notification  systems,  and  interruption  of  television  programs. 
Alert  radio  receivers  are  activated  by  a  radio  signal  followed  by  emergency  instructions  over  the 
radio.  Dow  Chemical  has  installed  monitor  receivers  in  homes  near  their  Plaquemine,  Louisiana, 
facility  for  direct  communication  during  emergencies.^’  Telephone  alert/notification  systems  alert 
nearby  residents  by  telephone  followed  by  emergency  instructions.  Also  available  is  an  automatic 
telephone  warning  system  which  employs  a  personal  computer  as  an  automatic  dialer  and  includes 
transmission  of  recorded  instructions  to  the  responder.” 

14..5.2  Emergency  Evacuation 

The  steps  and  procedures  recommended  for  emergency  evacuation  have  been  detailed  in 
documents  prepared  for  FEMA”  and  EPA/FEMzVDOT.’’  These  recommended  steps  include: 

1.  assignment  of  information  tasks  to  evacuation  personnel  such  as  evacuation  areas,  instructions, 
protective  gear,  shelters,  etc.; 

2.  evacuation  warning  and  instructions; 

provide  movement  assistance  to  evacuees  such  as  transportation  for  those  without  private 
transportation  and  strict  traffic  control  of  the  evacuated  area.; 


4.  emergency  medical  case.; 
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5.  security  for  evacuated  area.; 

6.  sheltering  of  evacuees,  and 

7.  decision  for  reentry  to  evacuated  areas. 

Prior  experience  indicates  that  in  many  ca.ses  the  majority  of  people  want  to  stay  with  friends  and 
relatives  or  go  to  motels.™  The  remainder  require  emergency  preplanning  in  order  that  the  proper 
facilities  and  services  are  available  when  needed  for  an  emergency.  This  includes  identification  of 
the  potential  shelters  beyond  potential  evacuation  zones  and  establishment  of  management  and 
operational  procedures  in  the  preparedness  plans. 

The  determination  of  the  zone  to  be  evacuated  (or  the  emergency  response  zone  -  ERZ) 
involves  complex  procedures  'hat  are  dependent  on  many  factors.  These  procedures  are  listed  in 
Sect.  14.4,  which  includes  the  basic  considerations  for  modeling  of  airborne  releases  of  toxic 
chemicals.  Probably  the  most  effective  procedures  for  determining  of  the  ERZ  is  to  employ  one 
of  the  computerized  atmospheric  dispcrsion/emcrgency  response  programs  described  in  Sect.  14.4. 
Many  of  these  programs  can  be  utilized  to  develop  scenarios  for  a  large  variety  of  possible 
emergencies  for  a  fixed  chemical  facility.  When  an  emergency  occurs,  an  operator  can  estimate  the 
evacuation  requirements  by  choosing  the  preprogrammed  scenario  that  approximates  the  actual 
situation  and  is  keyed  to  the  current  average  wind  direction  and  possible  speed. 

In  cases  where  the  duration  of  a  release  from  a  fixed  facility  is  of  relatively  long  duration 
(hours),  operation  of  the  computer  as  a  real-time  dispersion  model  based  on  actual  data  involving 
the  status  of  the  release  and  meteorological  conditions  can  be  achieved.  TTius,  simulation  of  the 
actual  release  can  be  developed  and  updated  as  conditions  change  so  that  a  more  realistic 


determination  of  the  ERZ  can  be  made. 


In  the  absence  of  an  available  eompuieri/ed  emergency  response  model  or  where  a 
transportation  emergency  occurs  in  a  remote  area  not  covered  by  the  computerized  system,  quick 
estimates  of  the  ERZ  can  be  developed  using  a  variety  of  published  methods.  The  simplest 
procedure  would  involve  the  use  r)f  the  Evacuation  Tables  in  the  DOT  Emergency  Response 
Guidebook,  assuming  that  the  chemical  released  is  known  and  that  it  is  included  in  these  tables.***' 
These  data  are  intended  only  for  the  initial  phase  of  an  accident,  and  reassessment  of  the  accident 
must  be  made  continuously  to  check  on  possible  weather  changes  (e.g.,  wind  changes).  The  tables 
list  the  recommended  isolation  distances  for  small  spills  and  also  for  large  spills  from  tanks,  many 
containers,  drums,  etc.  Also  listed  are  the  recommended  downwind  evacuation  zone  length  and 
widths.  For  flammable  or  explosive  materials,  a  ().5-mile  isolation  in  all  directions  is  recommended 
becau.se  of  potential  fragmentation  hazards.  The  individual  pages  in  the  guidebook  for  the 
respective  materials  should  indicate  whether  this  0.5-mile  requirement  should  be  observed. 

The  CHRIS  Response  Methods  Handbook**'  contains  a  table  of  "Maximum  Distances  Over 
Which  Hazardous  Ga.ses  May  Be  Harmful,"  which  can  be  used  for  estimates  of  evacuation  zone 
length  and  width.  The  data  are  tabulated  as  a  function  of  the  respective  chemical  and  the  relative 
amounts  released.  The  distances  are  based  on  the  maximum  distances  over  which  the  concentration 
of  iiie  ga;.  ir.  ai.  may  exceed  itj  liacshold  lin.i!  ..aliie  (Tl  V),  the  'wicrable  concentration  for  worker 
exposure.  This  assumption  plus  the  use  of  low-turbulence  weather  conditions  and  the  assumption 
of  release  onto  water  result  in  very  conservative  estimates  for  the  ERZ. 

Prugh**’  presents  approximate  expicssior.o  that  can  be  iwcd  to  eviimate  minimum  distances 
dow'nwind  where  no  incapacitating  injuries  would  occur  and  arc  thus  an  estimate  of  the  ERZ 
distance  limit  based  on  the  Immediately  Dangerous  to  Life  and  Health  (IDLH)  level  established  by 
NIOSH.  The  equations  a.ssume  that  a  "dangerous"  dose  can  be  obtained  from  the  product  of  the 
IDLH  and  .^0  min,  which  is;  "correct  for  most  materials." 


The  expressions  are  as  follows: 
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For  average  conditions  (neutral  stability,  wind  =  10  mph) 

For  continuous  release  X  =  660(Z).60 

For  puff  release  X  =  1250(Z).62 

For  worst-case  conditions  (stable,  wind  =  2  mph) 

For  continuous  release  X  =  23(K)(Z).45 

For  puff  release  X  =  45(K)(Z).64 

where 

\V 

Z  =  _ ; 

IDLH  X  MW 

W  =  material  release,  kg; 

IDLH  =  concentration  that  is  immediately  dangerous  to  life  or 
health,  ppm; 

MW  =  molecular  weight  of  the  material; 

X  =  downwind  distance,  m. 

This  method  will  give  a  first  approximation  to  the  outer  ritdius  of  the  e\acu:tiion  zone.  The 
width  of  the  zone  is  not  included,  but  a  rough  approximation  has  been  suggested  by  Kahler'^'  when 
no  wind  fluctuation  data  are  available.  When  the  wind  speed  is  between  4  and  10  knots,  the 
corridor  width  as  an  arc  is  a.ssumcd  to  be  9(r;  il  the  wind  speed  is  grcaicr  than  10  knots,  an  arc  of 
45"  is  used;  and  anytime  the  wind  is  equal  to  or  lc.ss  than  4  knots,  the  toxic  corridor  is  a  circle 
around  the  spill  with  a  radius  equal  to  the  corridor  length,  or  a  120"  arc  for  unstable  conditions  has 
been  suggested.  If  wind  shifts  arc  expected,  evacuation  of  the  total  .V-d)'  area  has  been 
recommended. 

The  Illinois  Environmental  Protection  Agency  (lEPA)  has  developed  a  simplified  system  for 
rapidly  calculating  .safe  evacuation  drstancc-s.*^  It  is  ba.sed  on  the  ground-level  Gaussian  dispersion 
equations  developed  by  Turner.**'  A  response  guide  has  been  developed  which  can  be  used  to 
quickly  determine  downwind  and  cros.swind  evacuation  distances  based  on  the  quantity  relea.sed,  the 
wind  speed,  the  meteorological  stability  conditions,  and  the  m.aximum  allowable  levels  of  the  toxic 
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m.iicrial  .ts  dc'^ i '.iirn.'u  by  the  IITA.  Ii  is  claimed  that  this  system  is  "ca'^v,  last,  and  reliable,  and 
h.ts  bee:i  ,.eld-tesied  many  times.” 

14.^.'-.  In-Plaee  Sheltering 

f^rueh''  indicates  that  evacuation  outside*  the*  emergency  response  /one  may  not  always  be 
necessary  or  desirable.  He  indicates  that;  "for  materials  which  are  toxic  and  nammable,  havens  may 
be  viable  me.tns  ol  sell-protcetion  at  great  distances  downwind  from  the  release  point,  where  the 
concentration  is  well  below  the  lower  flammable  limit  but  may  still  be  toxic."  He  presents  calculated 
curves  (see  F-ig.  7)  which  indicate  that  for  short-term  puffs  the  dose  (in  ppm-min)  to  inhabitants  of 
:i  typical  closed  dwelling  (exchange  rate  =  1.0)  would  be  one  or  two  orders  of  magnitude  les.s  than 
th.ii  received  by  a  person  outside.  Thus  for  short-term  releases,  it  may  be  more  prudent  to  have 
[lersons  remain  inside  of  their  homes  with  the  doors  and  windows  closed  and  the  healing  and  ait 
conditioning  systems  off, 

Harris'^  addresses  the  effects  of  very  short  time  scales  on  the  feasibility  of  evacuations.  For 
example,  a  chlorine  leak  occurs  in  a  plant  situated  3(X)  m  from  the  site  boundary  and  6(X)  to  KXX) 
m  Iri'm  a  h'ca!  residential  population.  If  the  wind  velocity  is  5  m  s  (10  mph)  and  blowing  toward 
the  population,  the  toxic  cloud  would  reach  the  closest  population  boundary  in  .4  min  and  the 
population  extremity  in  just  over  b  min.  Strong  winds  would  halve  these  times.  I'nder  these 
Circumstances,  effective  evacuation  would  probably  be  limited  by  one  or  more  of  the  following 
circumstances: 

I  Delays  in  detection  and  reporting  of  the  leak. 

2.  Delays  in  analysis  of  the  reported  information  and  subsequent  actions  bv  the  duty  persons 
receiving  the  report, 

4.  Problems  with  the  warning  system  implementation  and  the  public  reception  and  perception  of 
the  warning,  and 

4  delays  in  the  public’s  response. 
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Under  the  above  circumstances,  it  may  he  far  more  prudent  for  residents  to  remain  inside  their 
dwellings  with  the  doors  and  windows  closed,  the  heating  and  air  conditioning  systems  shut  off  or 
placed  on  10()U^  recirculation,  all  exhaust  fans  and  fireplace  dampers  shut  off,  and  the  gaps  around 
doors  and  windows  sealed  with  tape  or  wet  toweling.  Wilson''^  has  shown  that  this  procedure  is 
particularly  effective  for  toxic  gases  (c.g.,  hydrogen  sulfide),  where  the  prime  hazard  is  proportional 
to  the  peak  concentration  during  exposure  rather  than  the  total  dose  or  the  time  integral  of  the 
concentration.  He  indicated  that  for  short-term  releases,  sheltering  not  only  effectively  damps  the 
outdoor  concentration  so  that  indoor  concentrations  are  less  than  lOU  of  the  mean  outdoor 
concentration,  but  also  damps  out  most  of  the  momentary’  outdocir  concentration  fluctuations,  which 
can  be  as  high  as  .30(Kf  above  the  mean  concentration.  Wilson  also  points  out  that  there  are 
psychological  problems  associated  with  sheltering.  Although  the  actual  risk  of  mortality  may  be  far 
less  by  staying  indoors,  the  public  is  inclined  to  believe  that  it  is  better  to  rctict  and  do  something 
than  to  assume  a  pa.ssivc  role  and  remain  indoors.  Education  of  response  personnel  and  the  public 
as  to  the  relative  risks  involved  may  be  the  best  solution  to  this  problem. 

Another  problem  a.ssociated  with  sheltering  involves  the  effects  of  long-term  exposure  to  the 
toxic  gas  while  sheltered.  Chester*^  developed  a  simplified  mathematical  model  for  the  total  dose 
(concentration-time  integral)  of  toxic  materials  received  by  a  sheltered  individual  as  a  function  of 
time.  He  concludes  that  "for  a  tightly  closed  house,  the  concentration-time  integral  inside  is  exactly 
that  outside  if  it  is  kept  closed  for  times  long  compared  to  the  infiltration  time."  For  example,  for 
a  hou.se  with  an  air-change  time  of  1  h,  the  protection  factor  (ratio  of  outdoor  to  indoor  dose) 
would  only  be  about  1.1  after  8  h  of  staying  indoors  as  compared  with  10  after  only  0.2  h  (sec  Fig. 
8).  Thus,  it  is  imperative  that  the  house  or  enclosure  be  opened  and  flushed  clean  as  soon  as 
possible  after  the  cloud  passes  and  the  outdoor  toxic  hazard  returns  to  normal.  If  this  is  not 
po.ssible,  evacuation  of  the  public  from  their  contaminated  shelters  after  the  release  may  be 
necc.s,sary.  Wifson''^  indiaites  that  for  gases  such  as  hydrogen  sulfide,  where  pc;ik  concentrations  are 
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more  deleterious  to  health  than  the  total  dose,  long  persistence  of  the  gas  indoors  may  not  be  as 
important  a  factor. 

14..^,4  Additional  Countermeasures  for  Protection  of  the  Public 

Chester'^  also  identified  additional  countermeasures  that  could  be  applied  for  the  protection  of 
the  public  as  an  alternative  to  shelters.  These  are  discussed  ir  the  paragraphs  that  follow. 

Stored  compres.scd  air  or  oxygen.  Air  or  oxygen  could  be  provided  from  compressed  gas 
cylinders  using  appropriate  regulator  valves  and  a  mouthpiece  or  mask.  This  equipment  is  used  as 
a  breathing  apparatus  by  firefighters  and  other  emergency  personnel  (see  Sect.  14.2.8.4). 

Charcoal  filtration.  Many  toxic  gases  can  be  effectively  removed  from  contaminated  air  by 
passing  it  through  a  bed  or  canister  of  activated  charcoal.  This  is  the  principle  utilized  in  chemical 
warfare  or  emergency  respon.se  masks,  but  it  could  be  used  effectively  for  protecting  the  inhabitants 
of  a  shelter  or  room  through  the  use  of  ventilation  system  charcoal  filters.  However,  the  logistic 
problems  inherent  in  equipping  the  public  with  this  equipment  in  areas  of  potential  exposure  would 
be  expensive.  Also,  air  filters  capable  of  absorbing  each  toxic  vapor  that  might  be  released  in  the 
area  would  be  necessary  and  require  larger  and  more  expensive  filters.  However,  for  the  population 
near  fi.xed  facilities,  charcoal  filters  could  be  issued  for  the  presumably  fewer  known  haz.ardous 
substances  produced  at  the  plant. 

Odlective  protection.  This  technique  involves  pressurizing  a  sheltered  volume  with  air  to 
prevent  inleakage  in  winds  up  to  20  mph.  This  could  be  applied  to  an  entire  house  or  public 
building  or  to  a  single  room  in  a  building.  Charcoal  filtration  of  the  inlet  pressurizing  air  to 
remove  contamination  would  also  be  required.  Problems  would  be  encountered  with  sheltering  of 
large  numbers  of  people  in  such  a  building  similar  to  those  experienced  in  evacuation  since  large 
numbers  would  have  to  be  moved  rapidly  to  the  shelters. 
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Figure  g.  Protection  factors  for  slieltering. 


Charcoal-cloth  faccict  miisk.  The  facclci  mask  is  a  British  development  consisting  of  a  charcoal 
cloth  bag  held  over  the  nose  and  mouth  by  elastic  straps.  This  cloth  is  capable  of  absorbing 
chemical  warfare  agents  and  certain  other  to.xic  gases.  It  would  not  be  quite  as  effective  as  a 
conventional  charcoal  canister  but  is  far  less  expensive  than  a  mask.  Potential  problems  include  a 
decrease  in  adsorptive  capacity  of  the  chtth  due  to  moisture  adsorption  and  a  requirement  for 
different  types  of  charcoal  for  the  various  types  of  toxic  gases. 

Mouthpiece  respirator.  This  is  claimed  to  be  an  effective  protective  device  against  toxic  gases 
for  short  periods  of  time  (several  minutes).  It  consists  of  a  tube  connected  to  an  activated  charcoal 
filter.  The  tube  is  held  in  the  mouth,  and  the  nose  is  closed  by  a  separate  nose  clip.  The  wearer 
breathes  in  and  out  through  the  tube,  and  valves  ensure  that  only  inlet  air  is  allowed  through  the 
charcoal.  Advantages  include  the  very  low  price  and  the  ease  with  which  it  can  be  inserted  in  the 
mouth.  This  potentially  could  be  a  \ery  effective  countermettsure  during  an  evacuation  but  it 
probably  would  equire  that  multiagent  filters  be  acailable  for  the  different  types  of  toxic  gases 
expected, 

14.4  HAZMAT  MONITORING  AND  AMBIENT-AIR  DISPERSION  MODELING  SYSTEMS 
Probably  the  mttst  important  countermeasure  for  mitigation  of  hazard  materials  releases  once 
they  have  taken  place  involves  the  immediate  detection  of  the  hazardous  material  in  the  atmosphere 
plus  spatial  and  temporal  estimates  of  its  dispersion  pattern.  Ideally,  the  detection  of  a  hazardous 
material  release  could  trigger  an  automatic  warning  system,  activate  an  air  dispersion  modeling 
program,  activate  local  and  regional  emergency  response  systems,  and  provide  information  for 
possible  evacuations  or  in-place  sheltering  operations.  However,  the  current  state  of  the  art  has  not 
been  developed  to  the  point  where  such  a  completely  integrated  automatic  system  is  practical,  and 
it  would  probably  be  far  too  expensive  to  install  and  maintain  for  most  emergency  districts.  This 
section  provides  an  overview  of  the  various  detection  and  monitoring  systems  that  are  commercially 
available  and  reviews  their  advantages  and  disadvantages. 
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14.4.1  Typos  Detectors  lor  Toxic  Clascs 

The  development  of  sensors  for  detecting  toxic  gases  has  received  significantly  increased  attention 
since  the  Bhopal  disaster.  Before  Bhopal,  attention  was  directed  toward  the  monitoring  of  air 
pol'ution  from  stationary  sources  such  as  power  and  chemical  plants.  Various  techniques  such  as 
longpath  high-resolution  infrared  spectroscopy  were  used  on  a  research  basis  to  identify  and  measure 
concentrations  of  pollutants  in  the  atmosphere.  More  recently,  newer  technology  such  as  the  use 
of  laser-based  systems  has  been  applied  to  pollution  measurements  and  is  currently  of  broad  interest 
for  applications  where  monitoring  the  releases  of  toxie  gases  from  chemical  and  other  ‘■■m'b'ije.s  is 
required. 

The  extent  of  monitoring  for  releases  of  chemical  plants  was  investigated  recently  by  the 
Chemical  Manufacturers  Association  (CMA).'"'  CMA  members  in  three  geographical  areas  (Baton 
Rouge/TS'ew  Orleans,  Philadelphia. Wilmington.'South  Jersey,  and  Niagara  Falls/Buffalo)  were  asked 
a  series  of  questions  concerning  their  air  monitoring  systems  in  response  to  a  request  from 
Congressman  John  Dingell,  Chairman  of  the  Subcommittee  on  Oversight  and  Investigations. 

Results  of  the  survey  indicated  that  over  45''/  of  the  CMA  member  responders  routinely 
monitor  emissions  of  chemicals  from  their  facilities  and  over  90'^  of  those  employ  two  or  more 
types  of  monitoring  techniques.  The  systems  used  to  monitor  and  detect  emissions  arc  tailored  to 
the  potential  hazard  of  the  process  unit  or  facility  or  the  chemicals  being  handled.  The  monitoring 
may  vary  from  exposure  readings  taken  from  badges  or  sample  tubes  at  the  site  to  full-scale  data 
collection  and  analyzing  systems.  Data  obtained  on  monitoring  activities  (as  a  percentage  of  all 


process  units)  are  as  follows: 

1.  Detection  of  odors  by  operating  personnel  83% 

2.  Industrial  hygiene  monitoring  79'7f 

3.  Portable  gas  detectors  50% 

4.  Detector  tubes  43%. 


5.  Grab  samples 


38% 


6.  f'lxcd-point  cciniinuous  monitors 

7.  Personal  dosimeters 


ITS 


31^7 
3K7 

In  reply  to  a  question  coneerning  whether  detection  systems  are  chemical  specific  or  designed 
for  the  full  range  of  chemicals  present  at  a  plant,  the  facilities  indicated  that  they  are  designed  and 
programmed  to  detect  specific  substances  in  specified  concentration  ranges.  Typical  substances 
detected  directly  are:  chlorine,  carbon  monoxide,  and  vinyl  chloride.  However,  systems  ean  be 
designed  to  detect  a  range  of  similar  compounds  such  as  a  series  of  chlorinated  substances  or  a  class 
of  hydrocarbons.  Although  continuing  progress  is  reported,  the  capability  is  not  available  for 
mettsuring  all  hazardous  substtinces  in  the  ambient  air  using  one  system.  Various  instruments  are 
designed  for  different  chemictils,  but  for  the  most  part  the  chemical  species  and  its  expected 
concentratiem  range  must  be  specified  before  a  reliable  system  can  be  installed. 

Two  types  ol  monitors  mentioned  in  the  survey  were  threshold  sensors  and  continuous 
monitors.  Although  the  sensors  in  each  type  may  be  similar,  the  main  differences  are  related  to  the 
method  used  for  collecting  and  utilizing  data  and  the  ultimate  cost  of  the  instrument.  Continuous 
monitors  are  more  expensive  because  they  are  designed  to  quantify  coneentrations  of  the  measured 
chemicals  over  a  set  range,  wherea:-  the  threshold  sensors  arc  usually  set  to  alarm  at  set 
concentrations  and  no  other  recording  is  made. 

The  location  of  monitoring  instruments  was  also  addressed  by  the  survey: 

Frequenev  of  monitoring 

_ CD _ 


Within  process  unit  areas 

56 

Elsewhere  on  plant  property 

26 

At  plant  boundary 

II 

Off  plant  property 

7 

Total 


11)0 
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It  IS  ;ipp;irciil  that  most  ot  the  monitorintz  is  performed  within  the  pri'cess  unit  areas;  little 
moniti'rine  is  performed  at  the  plant  boundaries  or  beyond. 

Two  main  categories  of  monitors  are  current';'  available  for  chemical  plant  monitoring  hazmat 
releases:  point  or  contact  sensors,  which  identify  the  toxic  gas  and  its  ambient  concentration  by 
analyzing  the  air  at  imc  or  more  locations  in  or  around  a  facility  site;  and  remote  sensors,  which 
arc  capable  of  continuously  monitoring  an  entire  plant  area. 

Point  sensors  are  commonly  located  at  critical  points  in  a  chemical  plant  according  to  the 
following  criteria:'*' 

1.  the  probability  of  leakage  of  toxic  materials  at  a  particular  place  (]mmps,  \aKes.  compressors, 
tlanges,  etc.); 

2.  the  probability  of  human  presence  at  that  place;  and 
the  most  probable  direction  (T  the  prevailing  air  stream. 

Htnvever,  it  is  impttssible  to  predict  all  directions  that  air  movements  may  take,  and  consequently 
tt  is  not  feasible  to  guarantee  that  unplanned  emissions  will  be  promptly  delected.  In  many  cases, 
multiple  sampling  points  are  located  strategically  around  the  plant  and  samples  arc  piped  to  a 
central  monitor  such  as  a  ma.ss  spectrometer  for  analysis.  However,  even  though  the  central  monitor 
may  have  a  high  sensitivity  and  speed  of  response,  the  long  times  for  transmi.ssion  of  the  sample  and 
its  introduction  into  the  monitor  may  be  of  concern  to  the  safety  designer.  Also,  some  point 
sensors  are  sensitive  to  moisture  and  must  be  properly  shielded  from  rain  to  ensure  reliable 
performance. 

Remote  sensors  can  detect  highly  toxic  materials  from  a  distance  and  do  not  come  in  contact 
with  the  tctxic  target  materials.  They  are  essentially  scanning  instruments  that  can  survey  an  entire 
area  from  inside  the  plant  or  on  its  perimeter."'  Remote  .sensors  can  be  further  cla.ssified  as  active 
or  passive.  Active  systems  sense  the  perturbations  of  radiation  from  a  controlled  source  such  as  an 
infrared  beam  to  monitor  for  toxic  gases.  Passive  systems  consist  only  of  a  receiver  and  use  natural 
radiation  such  as  scattered  sunlight  for  detection  of  the  chemicals.  Passive  systems  can  be  used  to 
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detect  toxic  chemicals  in  remote  locations  (e.g.,  clouds,  stack  plumes)  or  to  monitoring  for  toxics 
from  a  helicopter.'*’  Recent  developments  have  produced  a  laser  system  that  reflects  a  laser  beam 
from  normal  plant  equipment,  the  ground,  or  even  from  atmospheric  dust  particles.  Comparison 
of  the  reflected  be^m  with  a  reference  beam  enables  the  detection  of  toxic  materials  in  the  vicinity 
of  the  laser  pathway. 

Portable  detection  instruments  have  been  developed  for  locating  toxic  leaks  in  a  plant.  These 
are  nt)tmally  used  for  routine  monitoring  of  critical  equipment  or  to  pinpoint  leaks  discovered  by 
area-point  or  remote  sensors.  Several  types  of  portable  leak  monitors  arc  commercially  available, 
although  consideration  must  be  given  to  their  application  in  areas  containing  Piammable  or  explosive 
vapors. 

Miniature  sensors  which  can  be  worn  by  operators,  are  commercially  available  for  monitoring 
for  toxic  vapors  such  as  carbon  monoxide,  phosgene,  hydrogen  suliidv,  uiid  ciikiiiiie.  These  devices, 
which  are  usually  based  on  electrochemical  technology,  will  provide  immediate  warning  to  personnel 
working  in  areas  containing  hazardous  chemicals.  They  are  used  to  signal  for  the  evacuation  of  an 
area  or  the  mandatory  use  of  gas  masks  or  self-contained  breathing  apparatus.  Personal  monitors 
arc  very  effective  but  require  careful  maintenance  because  of  an  enhanced  risk  of  accidental  or 
willful  damage. 

An  overview  of  commercially  available  point  and  remote  sensors,  leak  detectors,  and  personal 
monitors  follows. 

14.4.2  Point  Scn.sors 

14.4.2.1  Ion  Mobility  Spectrometry  flMS) 

A  sample  of  air  contaminated  with  a  certain  toxic  gas  is  introduced  into  a  reaction  region  by 
means  of  a  carrier  gas  where  beta  particles  released  by  a  radioactive  source  generate  reactant  ions. 
These  ions,  in  the  presence  of  the  sample,  undergo  ion/molccular  reactions  to  produce  product  urns 
according  to  a  variety  of  ion/molccular  reactions.  As  the  ions  arc  formed,  an  electric  field  drives 
the  positive  or  negative  ions,  depending  on  the  polarity  of  the  field,  to  a  stiuiier  grid  where  they 
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arc  pulsed  periodically  into  a  "drift"  region.  TTie  drill  region  maintain.s  a  drilt  electric  field  so  that 
ions  can  he  separated  from  each  other  due  to  their  different  velocities  in  the  drift  field. 
Measurement  of  the  times  that  the  various  ions  require  to  travel  a  drift  field  of  known  length  at 
standard  temperature  and  pressure  permits  the  identification  of  the  sample  constituents.  A 
microprocessor  is  used  to  process  the  input  data  and  provide  control  functions  to  the  IMS 
equipment.  Interfering  gases  include  water  vapor,  ammonia,  and  the  oxides  of  nitrogen. 

A  compact,  portable  IMS  detection  system  has  been  built  and  operated  by  the  U.S.  Army  on 
a  limited  number  of  toxic  vapors,'*’  but  a  much  broader  list  of  chemicals  has  been  analyzed  by  this 
technique  as  recorded  in  the  literature.  A  military  version  of  this  IMS  detector  is  offered  by 
Bendix'*'’  for  chemiad  warfare  agents  such  as  nerve  and  blister  agents.  This  portable  instrument, 
called  ACADA,  is  reported  to  have  a  .sensitivity  of  0.1  mg/m'  for  the  warfare  agents.  Honeyweir 
and  Pr'-'s-viak  Qirporaiion'*"  also  manufacture  IMS  detectors  designated  M4.^A1  for  the  military. 
Their  sensitivity  is  also  0.1  mg/m'  for  nerve-gas  agents.  Q>ntacts  with  Bendix,  Honeywell,  and 
Brunswick  indicate  that  none  of  these  organiz.ations  has  done  extensive  development  of  the  IMS  for 
haz.ardous  chemical  civilian  applications,  but  all  of  them  arc  interested  in  possible  future  markets 
for  their  products.  Honeywell  also  markets  a  military  IMS  for  measuring  surface  contamination 
which  includes  a  more  sensitive  type  of  flight  detector  that  is  claimed  to  provide  improved 
discrimination  between  molecules  but  is  projected  to  cost  an  order  of  magnitude  more  than  the 
M43A1.  It  is  recommended  that  all  of  these  instruments  be  reviewed  for  possible  future  application 
in  fixed-point  monitoring  of  haz.mats  based  on  their  sensitivity,  simplicity,  and  very  reasonable  costs. 

14.4.2.2  Ampcromctric  and  Voltametric  Methods 

Voltamctric  analyzers  serve  as  detectors  for  certain  haz.mats  by  measuring  the  current  induced 
by  the  electrochemical  oxidation  of  the  chemical  at  a  sensing  electrode.  Depending  on  the 
composition  of  the  hazmat,  a  polarizing  (or  retarding)  voltage  is  applied  such  that  the  reaction  at 
the  sensing  electrode  is  specific  for  the  hazmat  being  measured.  A  simplified  diagram  of  the 
polarographic  analyzer  is  shown  in  Fig.  9.  For  example,  for  SO;,  analysis  the  oxidation  that  occurs 
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at  ti  ^  sensing  electrode  after  the  SO,  has  diffused  through  the  semipermeable  membrane  is  as 
follows: 

SO,  +  2Hp  =  SO/^  +  4H'‘'  +  2e-  . 

The  flow  of  electrons  to  the  counter  electrode  is  measured,  and  the  amount  of  current  is 
proportional  to  the  sample  SO,  concentration.  Other  cells  can  be  used  for  the  detection  of  various 
ha/mats. 

Amperomctric  analyzers  measure  the  current  across  the  electrodes  due  to  the  reaction  of  the 
hazitrdous  gas  and  the  cell  electrolyte.  Commercial  monitoring  versions  of  this  type  of  instrument 
are  available  from  Sensidyne,  Environmental  Products  Companies,  and  Anacon.  Sensidyne  produces 
instruments  based  on  detection  of  the  following  gases  by  a  potential  change  of  the  sensing 
electrode:'*’  (1)  ammonia,  (2)  amine.s,  and  (3)  hydrogen  cyanide.  A  current  change  between  the 
electrodes  is  used  to  detect  these  additional  ga.ses: 


Chlorine 

Arsine 

Hydrogen 

Phosphene 

Hydrogen  chloride 

Silane 

Chlorine  dioxide 

Ruorine 

Hydrogen  sulfide 

Iodine 

Sulfur  dioxide 

Nitrogen  dioxide 

Carbon  monoxide 

Hydrogen  fluoride 

The  response  time  for  most  of  these  gases  is  <20  (except  for  hydrogen  where  it  is  <60  to  90%  of 
concentration).  Each  gas  requires  a  separate  detector,  and  up  to  two  similar  detectors  could  be 
connected  to  a  Sensidyne  controller  or  many  sensors  could  be  monitored  by  a  computer  dedicated 
to  the  monitoring  system.  Location  of  multiple  detectors  at  a  plant  boundary  is  aLso  an  alternative. 
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The  current  cost  averages  about  S16(X)  to  S18(X)  per  sensor  point. 

Anacon'^  offers  a  similar  system  for  the  following  gases: 

Chlorine  Boron  trichloride 

Hydrogen  chloride  Sulfur  peroxide 

Bromine  Hydrogen  cyanide 

Hydrogen  fluoride  Hydrogen  sulfide 

The  Anacon  system  permits  connecthm  of  up  to  10  probes  to  a  local  processing  unit  which 
multiplexes  each  probe  every  ^  s  and  also  warns  if  the  probe  becomes  inactive.  Single  and 
hand-held  point  monitors  are  also  available. 

14.4.2..^  Colorimetric  Analv/ers 

Colorimetric  analy/ers  measure  the  optical  absorbance  of  a  solution  or  dry-reagent 
spectrophotomctrically  as  an  indication  of  the  presence  and  concentration  of  hazardous  gases  in  an 
air  sample.  In  general,  the  advantages  of  colorimetric  analyzers  are  simplicity,  high  sensitivity,  good 
specificity,  and  rapid  response. 

For  dry-reagent  colorimetric  systems,  the  reagents  are  applied  as  a  substrate  on  a  paper  tape 
which  is  continuously  exposed  to  the  ambient  air.  The  reagents  are  individually  formulated  to 
produce  eolor  changes  for  each  specific  ha/.ardous  gas  or  group  of  gases.  The  reagents  are  claimed 
to  be  nontoxic  and  act  as  both  a  gas  trapping  and  an  analysis  medium  which  can  delect  nanogram 
amounts  of  the  hazardous  gas. 

Commercial  paper-tape  colorimetric  analyzers  are  available  from  MDA  Scientific.  Inc.,  for 
monitoring  the  following  gases;” 


Ammonia 

Germane 

Phosgene 

Arsine 

Hydrogen  halides 

Phosphine 

Bromine 

Hydrogen  selenide 

Silane 

Chlorine 

Hydrogen  sulfide 

Stibine 

Chlorine  dioxide 

Nitrogen  dioxide 

Sulfur  dioxide 

Diborane 

Ozone 

The  MDA  multipoint  monitoring  system  (PSM-SE)  can  monitor  up  to  eight  locations  and  provide 
alarm  and  control  systems  for  control  of  toxic  gas  releases.  Personal  monitors  with  alarms  are  also 
available  for  some  of  the  above  ha/mats. 

14.4.2.4  Flame  Photometric  Analv/ers 

For  sulfur  compounds  such  as  H-S,  SO,,  and  CH,SH,  a  llame  photometric  detector  (FPD)  may 
be  employed  for  monitoring  the  ambient  air.  These  instruments  use  a  photomultiplier  tube  to 
measure  the  emissions  from  sulfur  compounds  introduced  into  a  hydrogen-rich  flame.  Advantages 
of  this  analyzer  include  low  maintenance,  high  sensitivity,  fast  response,  and  excellent  sensitivity  for 
sulfur  compounds.  Disadvantages  include  the  need  for  compressed  hydrogen  and  its  specificity  for 
sulfur  compounds;  other  instruments  must  be  provided  for  nonsulfur-coniaining  gases. 

Commercial  FPD  monitors  are  available  from  the  Columbia  Scientific  Industries  Corporation. 
They  can  monitor  for  SO;  levels  as  low  as  l).5  ppb  in  air  with  a  fast  response  time.  Differentiation 
between  the  various  sulfur  compounds  can  be  achieved  through  the  use  of  a  coupled  gas 
chromatograph-flame  photometric."^  Also,  through  changes  in  the  optical  system  the  Columbia 
instrument  can  monitor  for  gaseous  phosphorus  compounds  such  as  phosphorus  trichloride, 

14.4.2.5  Nondispersive  Absorption  Spectrometers 

Nondispersive  absorption  spectrometers  are  based  on  broad  band  spectral  absorption,  which  is 
sensitized  for  a  particular  gas  by  means  of  a  de?'''.'''r,  'special  cell,  or  an  optical  filter.  Both 
nondispersive  infrared  (NDIR)  and  ultraviolet  (NDUV)  monitors  are  available.  Figure  10  shows 
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an  example  of  a  NDIR  lhat  uses  a  double-beam  arrangement  where  one  beam  is  directed  through 
a  reterenee  cell  containing  a  non-IR  absorbing  gas  and  the  other  through  the  sample  cell  where  the 
ha/mat  gas  absiirbs  part  of  the  radiation.  The  two  split  beams  are  then  totally  absorbed  in  the 
detector  cell  which  is  filled  with  the  ha/mat  gas.  The  difference  in  the  heating  effects  on  either  side 
ol  the  detector  serves  as  a  measure  of  the  levels  of  hazmai  present  in  the  sample  cells.  It  should 
be  noted  that  this  analyzer  is  specific  for  only  one  hazmat  gas.  Introduction  of  multiple  cell  sets 
would  be  required  for  sampling  for  other  species.  Also,  NDIR  instruments  are  usually  subject  to 
interlerencc  because  frequently  other  gases  absorb  close  to  the  wacelcnglhs  for  the  sampled  hazmat 
gas. 

Nondispersive  ultraviolet  analyzers  arc  somewhat  more  sensitive  than  the  NDIR  and  arc  not 
as  sensitive  to  interfering  gases  as  the  NDIR.  However,  both  NO,  and  particulate  matter  can  be 
serious  interferents  in  the  ultraviolet  (UV)  range.  NDUV  monitors  arc  also  specific  for  a  hazmat 
gas  since  a  filter  must  provide  .source  radiation  at  the  UV-absorbing  wavelength  of  the  hazmat  gas, 
which  is  compared  with  another  nonabsorbing  wavelength  beam  split  from  the  same  source. 

NDIR  analyzers  are  available  from  Beckman”"  and  other  vendors.  DuPont  offers  NDUV 
analyzers,  but  they  have  not  yet  been  employed  as  area  monitors  for  hazmat  gases.'"-  Costs  for  these 
instruments  are  in  the  range  of  S5,(XX)  to  S20,0(X),  depending  on  the  sensitivity  and  components 
monitored. 

14.4.2.6  Dispersive  Absorption  Spectrometers 

A  dispersive  absorption  spectrometer  can  be  set  at  any  wavelength  within  its  range.  It  differs 
from  a  nondispersive  spectrometer,  which  looks  at  a  broad  spectral  region,  but  must  be  sensitized 
for  each  particular  gas  of  interest.  The  main  disadvantage  of  the  dispersive  spectrometer  is 
concerned  with  multicomponent  mixtures  where  it  may  be  difficult  to  locate  an  absorption 
wavelength  for  the  hazmat  gas  that  is  in  a  spectral  region  where  other  gases  such  as  water  vapor 
do  not  ab.sorb. 

The  Foxboro  Company”"  offers  a  multipoint  ambient  air  monitoring  ,sy.>iem  (MIRAN  981), 
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'Ahich  incorporates  a  singic-hcam  niicroproccssor-controllcd  infrared  spectrometer  and  uses  a  20- 
m  variable-pathlength  gas  cell.  It  can  monitor  up  to  five  components  in  air  at  as  many  as  24 
locations,  with  each  location  up  to  KXK)  ft  from  the  monitor.  Response  times  depend  upon  the 
number  of  ha/mats  monitored  and  the  distance  of  the  sample  locations.  For  five  ha/mats  and  a 
5lK)-ft  sample  ptrint  location,  the  analysis  time  for  each  point  is  about  54  s.  Therefore,  if  ten 
locations  were  sttmpled,  the  response  would  be  less  than  5  min  for  the  entire  system.  TTie  monitor 
also  prosides  documentation  and  an  alarm  system.  Ha/mat  gases  that  are  monitored  efficiently  by 
this  system  include  many  of  the  organics  and  organic  halocarbons,  ammonia,  and  hydrocarbons. 
However,  it  will  not  monitor  for  chlorine,  low  levels  of  hydrogen  sullide,  hydrogen  fluoride,  and 
sulfur  dioxide.  The  cost  of  a  MIRAN  981  is  currently  in  the  vicinity  of  S4(),0(K). 

14.4.2.7  Fourier  Transform  Infrared  Spectrometers 

A  Fourier  transform  infrared  spectrometer  (FH'IR)  utilizes  an  instrument  known  as  a  Michclson 
interferometer  in  place  of  the  conventional  diffraction  grating  used  in  dispersive  spectrometers. 
Although  both  instruments  produce  infrared  (IR)  spectra,  the  methods  of  measurement  arc  quite 
different.  The  dispersive  spectrometer  measures  a  spectrum  one  wavelength  at  a  time,  whereas  the 
interferometer  is  designed  to  measure  optical  interference  of  all  wavelengths  at  the  same  time  and 
the  resulting  interferogram  is  Fourier-transformed  by  a  computer  to  produce  the  spectrum  of  the 
sample. 

The  optical  components  of  a  FTIR  arc  shown  in  Fig.  11.  The  light  from  the  IR  source  is 
projected  by  a  spherical  mirror  into  a  scanning  interferometer  where  it  is  split  into  two  beams.  One 
goes  to  a  scanning  mirror  and  the  other  to  a  fixed  mirror.  The  scanning  mirror  places  a  sine- 
wave  modulation  on  each  frequency  of  the  reettmbined  beam  as  it  passes  out  of  the  interferometer 
to  the  sample.  The  superposition  of  these  waves  constitutes  the  interferttgram,  which  is  then 
transformed  in  the  computer  to  the  infrared  spectrum  after  passing  through  the  .sample. 
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In  ('rdcr  to  remove  the  efl'eets  of  interfering  materials,  a  referenee  spectrum  is  made  (scan 
withc'ut  the  sample)  and  Fourier  transformed.  The  sample  is  then  inserted  and  another 
interlerogram  generated,  followed  hy  Fourier  transformation.  The  two  transmission  spectra  are  then 
ratioed  to  produce  the  desired  spectrum  without  the  interferences. 

The  primarv'  advantage  of  the  FTIR  over  a  dispersive  spectrometer  lies  in  its  speed.  Since  the 
Fourier  transform  is  performed  by  the  computer,  the  spectrum  is  of  comparable  quality  but  is 
aeettmplished  in  about  one-thousandth  of  the  time  thai  it  would  take  a  grating  spectnrmeter  to  scan 
the  entire  spectrum.  Another  advantage  concerns  the  ability  of  the  computer  to  add  the  data  from 
a  number  of  successive  scans,  thereby  averaging  the  noise  but  building  up  the  signal.  Also,  the 
e(miputer  output  can  be  manipulated  and  plotted  in  various  modes.  Although  FTIR  instruments 
have  been  rapidly  accepted  for  laboratory  applications,  they  have  only  recently  been  adapted  to 
monitoring  applications  due  to  their  su.sccptibility  to  vibration  and  temperature  effects""  and  the 
need  for  highly  accurate  alignment  of  the  moving  mirror. 

A  commercial  FTIR  instrument  designed  for  monitoring  hazardous  chemicals  is  available  from 
Alnalect  Instruments,  Inc.,  Utica,  New  York.  Their  model  PCM-80  is  an  on-line  instrument  capable 
of  FTIR  monitoring  of  ga.seous  streams  and  ambient  air  samples.  Operation  is  based  on  their 
TRANSEPT  interferometer  principle,  where  pathlcngth  scanning  occurs  by  movement  of  one  of  two 
matched  wedges  of  transparent  material  to  change  the  thickness  of  this  material  in  one  area  of  the 
interferometer.  This  design  is  reputed  to  eliminate  the  drawbacks  of  conventional  FTIR  systems, 
which  encounter  angular  alignment,  vibration,  and  temperature  effects.  A  military  version  of  the 
FTIR,  called  the  XM21,  has  been  developed  by  the  military  avionics  division  of  Honeywell,  Inc.,  for 
the  detection  of  chemical  warfare  agents.  However,  it  is  a  passive  remote  sensor  type  of  system. 

14.4.2.8  .Mass  Spectrometers 

Mass  spectrometers  are  designed  to  separate  ions  of  a  particular  material  by  their  mass/charge 
ratios.  The  instrument  produces  charged  ions  from  the  original  mttleculc  of  g;is  and  sorts  these  ions 
bv  their  mass  charge  ratios.  Several  methods  for  obtaining  a  mass  spectrum  have  been  developed 
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but  most  involve  components  such  as:  (1)  a  sample  inlet  system;  (2)  an  ion  source;  (3)  an 
electrostatic  accelerating  system;  and  (4.)  an  ion  detection  system.  A  high  vacuum  is  maintained 
in  the  instrument.  Ionization  is  elfected  by  the  collision  of  electrons  produced  by  a  filament  and 
the  molecules  as  they  pass  through  the  ion  source.  However,  other  methods  of  ioniz.ation  may  also 
be  utilized.  The  positive  ions  produced  are  accelerated  and  arc  then  pa.sscd  into  a  chamber  where 
their  separation  occurs.  The  most  common  method  utilizes  magnetic-deflection  systems  to  classify 
and  segregate  them  according  to  their  mass-to-charge  ratio.  A  mass  spectrum  is  obtained  by  varying 
cither  the  ion  accelerating  field  voltage  or  the  magnetic  field  strength,  which  serves  to  focus  each 
beam  of  specific  ma.ss, charge  ratio  on  the  detector. 

In  a  time-of-flight  spectrometer,  ions  of  different  mass/charge  ratio  are  separated  by  the 
difference  in  time  required  for  their  travel  from  the  ion  source  to  the  detector.  Using  an 
oscilloscope,  which  measures  the  time  required  for  a  pulse  of  ions  to  drift  down  the  evacuated  tube, 
a  complete  mass  spectrum  can  be  scanned  in  microseconds.  This  response  speed  is  a  major 
advantage  of  this  type  of  instrument. 

Perkin  Elmer  Corp.  (Norwalk,  Conn.)  offers  a  mass  spectrometer  (ICiAMS)  specifically  designed 
for  plant  perimeter  monitoring  applications.  It  can  centrally  monitor  up  to  50  locations  as  far  as 
KXXl  ft  away  and  analyze  up  to  25  hazardous  compounds.'*'  The  cost  is  in  the  range  of  S3000  to 
S4(XX1  per  monitored  point.'*" 

14.4.3  Remote  Scanning  Monitors 

Since  the  Bhopal  release,  the  chemical  industry  has  shown  significant  interest  in  the 
development  of  remote  sensing  instruments  for  the  detection  of  highly  toxic  materials  at  the 
periphery  of  their  plants.'’  Ideally,  a  remote  sensor  could  .scan  the  plant  area  for  gaseous  releases 
without  coming  in  contact  with  the  gas  by  using  cither  an  active  or  passive  sensor  arrangement. 
Systems  that  have  been  developed  utilize  laser  adsorption,  la.scr-induccd  Raman  scattering,  and  IR 
or  UV  absorption.  Future  improvements  will  probably  integrate  remote  monitors  with  computerized 
versions  that  predict  the  direction  and  future  location  of  releases.  This  would  provide  a  rapid 


192 


complete  prediction  of  hazardous  gas  releases,  including  their  species,  amounts,  direction,  and 
concentrations  at  any  point  in  time  and  could  also  take  into  account  the  effects  of  wind  changes 
during  a  release. 

A  major  advantage  of  remote  sensors  is  that  they  can  improve  upon  the  detection  ability  of  a 
large  number  of  dircct-contact-point  sensors  even  though  their  sensitivity  is  not  as  high.  A  group 
of  commercially  available  remote  sensors  is  described  below. 

14.4.,^.  1  Differential  Absorption  Light  Detection  and  Rancing  (DIAL') 

Tlic  development  of  lasers  that  can  produce  light  of  high  spectral  brightness  (high  intensity  over 
a  narrow  spectral  range)  has  improved  detection  of  certain  ha/.mat  gases  significantly.  In  a  DIAL 
system,  iz^o  carbon  dioxide  lasers  are  used.  One  is  tuned  to  the  wavelength  where  the  hazmat  gas 
is  absorbed  and  the  other  to  a  wavelength  close  by  where  it  is  not.  Figure  12  shows  the 
arrangement  of  this  system.  The  haz.mat-absorbing  laser  A  and  nonabsorbing  laser  B  arc  directed 
at  a  single  detector  about  1(X)  m  away.  For  plant  applications,  reflection  by  cither  a  mirror  or  from 
plant  buildings  or  process  equipment  can  be  used  to  direct  the  radiation  back  to  the  detector.  The 
relative  return-signal  strengths  arc  metered  to  determine  the  presence  and  concentration  of  the 
hazmat  gas  monitored.  When  the  hazmat  is  absent,  the  beams  have  the  same  levels.  By  using  a 
reference  beam,  the  effects  of  other  gases,  moisture,  dust,  and  temperature  are  automatically 
canceled  out.  The  instrument  meters  the  total  quantity  of  gas  over  the  beam  length;  thus,  a  1-ppm 
concentration  read  over  a  1-m  length  will  produce  the  same  reading  as  a  0.1 -ppm  concentration  over 
a  10  meters  length. 

It  is  claimed  that  most  industrial  gases  (except  those  that  are  not  IR  absorbers  such  as 
chlorine)  can  be  monitored.  However,  it  will  be  necc.ssary  to  use  tunable  lasers  or  multiple  laser 
.sources  for  detection  of  multicomponcnts  in  the  atmosphere.  Carbon  dioxide  la.sers  emit  over  100 
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vvavclcnglhs  in  the  9-  ti)  ll-niicri)n  region  while  CO  lasers  emit  over  50  throughout  the  5-  to  6.6- 
mieron  region. 

A  DIAL  system  lor  the  cleteetion  of  ethylene  has  been  in  use  by  the  Imperial  Chemical 
Industries  in  Great  Britain. It  is  claimed  to  be  accurate  to  I.O  ppm  for  many  gases  and  has  a 
response  time  in  milliseconds.  A  modification  called  "Lasersafe"  is  being  marketed  in  the  United 
States  by  Ensironmental  Laser  Systems.  Atlanta,  Georgia,  ferr  between  S125,(XM)  and  Sl75,()(X).'“ 
Table  27  indicates  the  gases  that  car  be  detected  by  a  CO,  laser  and  other  lasers  using  this 
instrument. 

14, 4. .5. 2  Lidar  Systems 

Lidar  (light  detection  and  ranging)  operates  on  the  principle  of  the  Raman  effect.  This  is  a 
measure  ttf  the  increase  or  decrease  of  the  scattered  radiation  frequency  when  a  gas  is  excited  by 
monochrt'matic  radiation  from  a  laser.  To  observe  the  effect,  the  laser  radiation  produces  an 
intense  illumination  in  the  test  sample  and  the  scattered  radiation  is  delected  spectroscopically.  The 
sealtercd  lines  in  the  Raman  spectrum  arc  characteristic  of  the  vibrational  modes  of  the  sample 
molecule  and  therefore  arc  unique  to  that  molecule.  Diatomic  molecules  such  as  H,  and  CL,  which 
do  not  give  IR  spectra,  do  have  a  Raman  spectra. 

Computer  Genetics  (Wakefield,  Mass.)  offers  a  Lidar  system  for  the  measurement  of  plume 
opacity  and  for  hazardous  gases.  However,  the  cost  of  the  system  is  very  high  -  S4(X),(XX)  to 
S7(X),(XX)  for  a  custom-built  mobile  unit,  which  would  probably  be  considered  excessive  for  most 
applications.’"^ 

14.4.4  Pttrtabic  Instruments  for  On-Site  Detection 

Portable  instruments  for  immediate  detection  of  toxic  or  flammtible  chemical  leaks  and  releases 
are  important  for  many  reasons.  First,  many  of  these  detectors  are  inexpensive  and,  therefore, 
would  probably  be  readily  available  to  plant  openiling,  maintenance.  ;ind  emergency  personnel.  They 
a'c  also  common  equipment  for  emergency  response  teams.  Second,  the  use  of  these  instruments 
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would  not  nornially  require  a  high  degree  of  technical  training,  so  most  plant  operators  or  first 
responders  could  quickly  determine  the  species  of  gas  present  and  an  approximate  concentration  of 
a  toxic  gas  or  the  lower  explosive  limit  (LEL)  if  the  material  is  a  flammable  gas.  Third,  these 
detectors  function  in  remote  locations  even  though  power  may  not  be  available;  this  is  of 
significance  particularly  for  transportation  accidents. 

In  many  cases,  a  spill  may  involve  many  releases  where  the  detectors  must  analyze  for  a  wide 
range  of  toxic  or  flammable  materials.  TTis  is  especially  true  in  the  case  of  railroad  accidents  where 
many  tankcars  or  boxcars  loaded  with  drums  or  cylinders  may  be  involved.  Many  portable  monitors 
are  capable  of  detecting  a  wide  variety  of  chemicals  and,  thus,  arc  very  useful  for  providing  guidance 
on  respiratory  protection  requirements  for  emergency  personnel  and  information  as  to  whether  an 
area  should  be  evacuated. 

14.4.4.1  Gas  Detector  Tubes 

Detector  tubes  are  u.sed  to  detect  approximate  toxic  levels  of  hazardous  gases  in  air.  A  typical 
tube  detector  kit  contains  a  pump,  spare  parts,  instructions,  a  data  sheet,  and  up  to  20  packages  of 
detector  tubes  or  reagent  kits.  The  pump  is  used  to  draw  an  accurate  volume  of  air  through  the 
detector  tube.  The  air  volume  is  controlled  by  the  distance  the  pump  handle  is  withdrawn.  The 
concentration  of  the  particular  toxic  gas  metered  is  determined  according  to  the  length  of  stain  on 
the  detector  tube.  Calibration  charts  of  concentration  vs  stain  length  as  a  function  the  number 
of  pump  strokes  are  available  in  the  kit.  Special  accessories  can  be  used  to  detect  halogenatcd 
hydrocarbons,  or  special  chemically  treated  filter  papers  can  be  used  to  detect  certain  gases 
colorimetrically. 

Many  companies  produce  gas  detector  tube  kit.s,  including  the  Mine  Safety  Appliances  Company, 
Pittsburgh,  Pennsylvania  (Samplain  Pump);  Enmet  Corporation,  Ann  Arbtrr,  Michigan;  and 
Sensidyne,  Largo,  Florida  (Gastrec  Detector  Tubes). 
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14.4.4.2  Combustible  Gas  Detectors 

Combustible  gas  uetection  analyzers  arc  commonty  used  to  monitiM  lOr  flammable  gaseous 
mixtures  in  the  air  around  chemical  plants  and  utility  stations.  Many  portable  instruments  for 
detecting  gases  such  as  carbon  monoxide,  hydrogen,  methane,  and  hydrocarbons  are  available.  Most 
of  the.se  operate  using  a  catalytic  sensor  which  is  one  arm  of  a  resistance  bridge.  Another  arm  is 
desensitized  to  combustible  gases  by  chemical  treatment.  The  two  arms  are  heated  electrically 
where,  in  the  presence  of  combustible  gas,  oxidation  occurs  at  the  sensitive  clement  raising  its 
temperature  and  hence  its  resistance.  The  voltage  generated  as  a  result  of  the  bridge  imbalance 
is,  therefore,  proportional  to  the  combustible  gas  concentration. 

Solid-state  semiconductor  technology  has  also  been  used  for  the  detection  of  combustible  gases. 
Deteetton  of  the  gases  involves  embedding  two  electrodes  in  a  solid-state  sensor  cell  and  applying 
a  voltage  to  the  cell.  The  gas  molecules  ionize  at  the  scasor  and  change  its  resistance,  which  in 
turn  changes  the  cell  output  proportional  to  the  gas  concentration.  Sen.sors  can  be  made  sensitive 
to  one  gas  or  group  of  gases  and  insensitive  to  others.  FouIetier’"“  gives  a  list  of  ga.ses  that  can  be 
monitored  by  solid-state  sensors.  They  include  many  which  are  not  combustible;  hence  this 
technology  is  applicable  to  a  wide  range  of  toxic  gases. 

Industrial  models  of  portable  combustible  gas  analyzers  are  available  from  many  vendors.  A 
few  examples  include  the  Mine  Safety  Appliances  Company,  Pittsburgh,  Pennsylvania  (Explosimctcr, 
Minibard  Gas  Indicator,  Gascopc,  Tank.scopc,  LEL  Spatter);  Energetics  Science,  Hawthorne,  New 
York  (Ecolyzer  Portable  Monitors);  and  Bacharach  Instruments,  Pittsburgh,  Pennsylvania  (Digital 
Minnie  Canary  Monitor).  International  Sensor  Technology,  Irvine,  California,  offers  solid-state 
sensors  for  a  wide  variety  of  gases.  They  offer  three  portable  instruments  and  larger  fixed  models 
capable  of  handling  up  to  255  sensors  (model  AG512)  in  one  system.  The  cost  for  the  portable 
instruments  is  in  the  S9(X)  to  S15(X)  range."" 


PdrtaMe  gas  chromatographs  that  can  quantitatively  analyze  toxic  gases  are  commercially 
available.  Chromatographic  columns  of  various  designs  arc  used  along  with  detectors  that  utilize 
thermal  conductivity  or  flame  ioni/cition  technology  for  analysis.  These  instruments  are  capable  of 
monitoring  multichem.ical  mixtures  of  compounds  because  of  the  chromatographic  separation; 
however,  they  are  not  usually  designed  for  application  in  explosive  atmospheres.  Sentex  Sensing 
Technology,  Ridgefield,  New  Jersey,  offers  a  Scentor  portable  chromatograph  capable  of  monitoring 
for  16  different  compounds.  Detector  systems  offered  include  argon  ionization,  electron  capture, 
and  photoionization.  Argon  is  u.sed  as  the  carrier  gas.  Internal  calibration,  which  utilizes 
calibration  gases  stored  in  gas  cylinders,  is  included. 
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Pri'mpi  prcdiciion  n!  the  dirtciion,  speed,  and  the  impaeied  area  during  the  dispersion  of  a 
ii’Vic  \apor  release  is  a  eriiieal  step  in  initialing  the  eirnsequenees  of  the  aeciuent.  A.s  soon  as  the 
dinsmsind  pattern  of  the  spill  has  been  determined  either  bv  computer  or  using  hand  calculations, 
sale  c-.acuaiion  distances  can  be  determined  and  the  local  emergency  plan  can  be  placed  into  effect. 
Phis  procedure  is  certainly  far  more  efficient  and.  in  some  cases,  safer  than  instituting  a  over- 
esacu.iiion  based  on  a  "worst-case"  assumption.  At  times,  overreaction  in  the  past  events  has 
created  public  safety  problems  that  were  compounded  by  a  lack  of  satisfactory  guidelines  for  an 
accurate  determination  of  realistic  and  safe  evacuation  distances.*^  A  further  advantage  of  rapid 
modeling  concerns  the  possible  procedure  where  people  in  certain  areas  of  the  emergency  zone  are 
safer  if  they  remain  indoors  as  the  toxic  cloud  passes  bv.  This  alternative  is  developed  in  Sect. 
14.,5.,5  but  is  mentioned  here  because  it  can  be  an  essential  part  of  the  modeling  program. 

Many  dispersion  models  have  been  developed  ranging  in  complexity  from  simple  formulas  and 
numerical  tables  or  graphs  to  comprehensive  computer-ba.sed  models  that  can  rapidly  predict 
evacuation  zones  ba.sed  upon  more  complex  dispersion  models.  The.se  systems  can  be  programmed 
for  a  wide  variety  of  toxic  materials  and  often  include  the  following  factors  that  arc  important  for 
characterizing  the  initial  gas  cloud  and  the  emcrgenc7  rcspon.se  zone: 

1.  initial  release  features  such  a.s  release  height,  total  quantity  or  rates  of  release,  and  initial  gas 
dilution; 

2.  effects  of  chemical  type,  toxicity,  and  storage  conditions  on  the  dispersion  pattern  and  the 
emergency  zone; 

differences  in  dispersion  due  to  continuous  vs  instantaneous  releases; 

4.  effects  of  meteorological  conditions  during  the  release  on  the  dispersion  pattern;  and 

5.  effects  of  local  geographical  objects  such  as  buildings;  mountains,  etc.,  on  the  dispersion 
pattern; 

Additional  features  available  in  certain  computer  models  include  the  following: 


1.  inclusion  ol  local  emergency  action  plan  modulcN  capable  ol  displayini;  the  predicted  plume 
pattern,  evacuation  areas,  evacuation  routes,  etc.; 

2.  display  I'f  the  emergency  csacuation  /one  with  an  overlay  showing  the  areas  (d  siren  sound 
propagation; 

3.  a  special  population-needs  data  base  that  identifies  critical  facilities  (hospitals,  schools, 
dependent  care  homes,  etc.)  within  the  emergency  /one  and  details  for  the  evacuation  of  these 
facilities; 

4.  special  facility  on-site  features  that  display  the  manufacturing  pmce.ss  and  enables  an  operator 
to  zoom  in  the  location  of  a  release  and  obtain  detailed  information  on  the  v  arious  components 
involved;  and 

5.  provisions  for  emergency  plan  checklists  to  monitor  the  progress  of  the  response  and  determine 
whether  specific  benchmarks  have  been  achieved. 

An  overview  of  the  types  of  systems  that  have  been  developed  for  dispersion  modeling  and  a 
brief  comparison  (»f  several  commereially  available  computer  programs  follows. 

Consideration  of  the  amounts,  release  type,  and  the  eventual  formation  of  a  vapor  cloud  must 
take  into  account  the  types  of  materials  and  their  physical  condition  prior  to  rcleavc.  Gencrali/ed 
categories  for  these  releases  that  have  been  propo.sed  arc  summari/ed  in  the  paragraphs  that  follow. 

Bouvant  cases  -  Gases  that  arc  buoyant  upon  release  and  experience  buoyant  plume  rise,  plume 
dilution,  and  subsequent  Gaussian  dispersion. 

Hieh-mcrleeular-weitzht-eases  -  These  gases  may  experience  gravity  spreading  with  entrainment 
and  turbulent  mixing  in  the  atmosphere  if  the  relea.se  rale  is  high  enough  and  dilution  with  initial 
ambient  air  is  minimal. 

Pressurized,  liquefied  gases  -  These  ga.scs,  stored  as  liquids  ;it  ambient  temperatures  and  elevated 
pressures,  will  be  released  as  a  gas  by  two  means:  (1)  flash  evaporation  due  to  a  reduction  of 
pressure  to  reach  equilibrium  with  the  atmosphere  and  (2)  pool  evaporation  resulting  from  heal 
transfer  to  the  cold  escaped  liquid  pool.  Gravity  spread  and  dispersion  of  the  cold  gas  are  also 
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inllucncod  by  surface  heating  of  the  cloud  since  the  vapors  emitted  are  at  the  boiling  temperature 
of  the  gas.  As  a  result,  cloud  mi.xing  is  enhanced  with  healing  along  the  cloud  path. 

Refriizcraied,  liquefied  nases  -  Ga.ses  such  as  LNG  vapor  emanate  from  pool  evaporation  after 
a  spill.  The  resulting  vapt'r  is  denser  than  air  and  disperses  with  a  gravity  spread  component  until 
mixing  and  cloud  heating  cause  the  gas  to  become  neutrally  or  positively  buoyant  with  respect  to 
air. 

Refrigerated,  pressuri/ed,  liquefied  gases  -  This  category  combines  pressurization  and  cooling 
gases  stored  as  liquid.  Accidental  releases  of  such  liquids  would  combine  flash  and  pool  evaporation 
and  cloud  heating. 

For  modeling  purposes,  releases  are  usually  subdivided  according  to  duration  and  arc 
categorized  as  continuous  or  instantaneous.  Releases  from  storage  vessels  that  have  a  duration 
greater  than  the  specified  simulation  period  (usually  about  10  to  15  min.  depending  on  the  travel 
time  to  key  receptors)  arc  treated  as  continuous  sources.  All  other  sources  arc  treated  as 
instantaneous  sources.  Selecting  models  for  specific  situations  or  specifying  the  length  of  the 
simulation  period  always  requires  some  judgment. 

Release  features  such  as  the  phase  of  the  release  (vapor,  liquid,  suspended  aerosol,  or 
combined);  leak  size;  the  type,  area,  and  composition  of  the  surface  that  received  the  escaped  liquid; 
the  extent  of  flashing  of  a  liquid  near  its  boiling  point;  and  possible  fires  or  explosions  during 
release  arc  also  important  considerations  necessary  for  characterizing  the  initial  vapor  cloud. 

Comprehensive  models  have  been  developed  to  take  these  factors  into  account  and  to  provide 
estimates  of  the  hazardous  vapor  source  term  for  many  types  of  hazardous  substances.  However, 
since  the  actual  conditions  of  release  of  volatile  liquids  is  seldom  well  defined  during  most  accident 
situations,  numerous  assumptions  arc  usually  made.  For  example,  Gudiksen’"  describes  the 
simulation  of  accidental  chlorine  releases  from  various  capacity  liquid  chlorine  storage  tanks  using 
a  comprehensive  computer  system  at  Lawrence  Livermore  National  Laboratory.  Assumptions  made 
included  the  time  of  release  (.'^  to  12  min)  and  the  amounts  released,  the  fraction  of  the  liquid 
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flashcil  to  vapor  during  the  release  (15  to  20^),  the  amount  of  aerosol  produced  (relatively  minor), 
and  a  range  of  chlorine  evaporation  rates  from  the  liquid  pool  on  the  ground.  Although  the  latter 
factor  cttuld  be  calculated  by  the  program  based  on  the  rate  of  heal  transfer  from  the  ground  and 
atmosphere,  the  pool  size,  the  surface  composition,  and  its  temperature  were  not  well  known  so  a 
range  of  evaporation  rates  were  assumed  (2.4  to  215  kg/s). 

Initial  estimates  of  a  vapor  cloud  source  term  during  an  emergency  will  usually  depend  on  the 
first  responders  at  the  scene.  Prugh*’  indicates  that,  for  toxic  chemicals,  the  "dangerous  dose"  area 
covered  by  a  continuous  vapor  cloud  release  is  primarily  dependent  on  the  total  amount  released 
and  is  essentially  independent  of  the  release  rate.  However,  for  vapor-cloud  explosions,  the  release 
rate  for  continuous  releases  is  important  because  it  determines  the  mass  of  vapor  in  the  cloud, 
which  in  turn  establishes  whether  the  lower  flammable  limit  for  the  particular  material  is  exceeded. 

When  only  the  total  quantity  of  a  volatile  liquid  in  a  container  is  known  and  the  release  rate 
or  total  released  is  unknown,  Ryckwan"-  recommends  that  one  assumes  a  complete  release  of  the 
entire  contents  over  a  10-min  period.  For  fires  involving  volatile  liquids,  he  recommends  that  the 
source  strength  be  estimated  by  selecting  the  most  toxic  combustion  product  and  assuming  that  it 
is  emitted  over  a  60-minute  period.  Kelly  (84)  presents  estimates  of  the  vapor  source  strengths 
for  volatile  liquids  in  kilograms  per  second  as  a  function  of  their  vapor  prc.ssure  at  20"C. 

Major  advances  have  been  made  recently  in  modeling  of  the  atmospheric  dispersion  of 
large-scale  spills.  It  is  often  not  sufficient  to  use  conventional  air  pollution  models  for  predicting 
the  dispersion  of  heavy  gases  that  have  higher  molecular  weights  than  air  or  are  possibly  more  dense 
due  to  temperature  effects.  Simplified  air  pollution  models  (Gaussian  dispersion)  assume  that  the 
toxic  materials  in  a  cloud  disperse  without  los.scs  and  have  no  effect  on  the  atmosphere  in  which 
they  arc  dispersed.  For  heavy  gases,  buoyancy  effects  as  weil  as  turbulent  forces  affect  the  dispersion 
patterns  significantly  and  the  neutral  buoyanc7  models  arc  not  appropriate  until  the  cloud  becomes 
neutrally  buoyant  with  respect  to  air.  For  example,  becau.se  of  the  high  molecular  weight  of  chlorine 
and  its  low  temperature  relative  to  the  ambient  atmosphere,  the  liquid  from  a  chlorine  spill 


evaporates  to  form  vapor  clouds  that  are  heavier  than  air.  This  heavv  cloud  spreads  horizontally 
while  being  transported  down-wind  by  ambient  winds  and,  with  time,  is  diluted  by  the  atmosphere 
and  will  eventually  become  a  neutrally  buoyant  mixture.  Therefore,  computer  models  must  take 
into  account  the  following  effects:  (1)  the  heavy  gas  gravity  flow  (slumping  and  horizontal 
spreading),  (2)  turbulence  damping  (reduced  mixing  of  the  vapor  cloud  with  the  atmosphere),  and 
(,')  heat  now  effects  if  the  heavy  gas  is  cold.  Subsequently,  when  neutral  buoyancy  is  reached,  the 
Gaussian  dispersion  models  can  be  used  to  model  the  dLspersion  patterns. 

Although  complex  computer  programs  such  as  the  FEM3  model  u.sed  by  Lawrence  Livermore 
Laboratory  in  the  chlorine  simulations^-  are  available,  they  are  not  practical  for  use  in  emergency 
response  situations.  The  three-dimensional  numerical  procedures  used  require  large,  fast  computers. 

A  recent  review  of  a  group  of  emergency  response  models  was  developed  by  TRC 
.Environmental  Consultants,  Inc.,  for  the  Chemical  Manufacturers  Association.”'  Eighty  source  and 
dispersion  models  or  modeling  systems  were  identified.  Of  the  80  models  identified,  10  were 
commercial  emergency  response  systems.  Of  these  10  models,  a  group  of  four  emergency  response 
systems  and  one  emergency  response  nomogram  were  evaluated.  All  of  the  four  response  systems 
included  integrated  source  and  dispersion  models,  and  all  except  one  were  capable  of  simulating  the 
dispersion  of  heavy  gases.  The  evaluation  included  a  comparison  of  results  simulated  by  the  models 
to  those  observed  during  actual  heavy-gas  experiments  performed  in  Great  Britain  at  Thorncy 

in 


Island. 
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Results  of  these  eompurisons  showed  reasonable  agreement  for  several  models  and  identified 
potential  problem  areas  in  others.  The  models  studied  ineluded  provisions  for  the  most  frequently 
expected  chemical  release  situations  but  did  not  include  the  following  parameters: 

1.  chemical  reactions,  fire,  and  explosion  after  release, 

2.  multicomponent  liquid  vaporization, 

?>.  material  losses  to  the  soil, 

4.  spreading  of  evaporating  liquids  on  land, 

5.  dispersion  in  the  presence  of  buildings  and  other  obstacles,  and 
b.  terrain  effects  on  gravity  spreading. 
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Smith"-  identified  a  group  of  computer  system  features  necessary  for  effective  real-time 
assessment  of  chemical  release  emergencies: 

1.  automatic  acquisition  of  chemical  inventory  and  meteorological  data  that  permit  rapid  review 
by  the  program; 

2.  graphical  display  methods  that  permit  rapid  identification  of  the  vapor  cloud  and  the  emergcnc7 
action  zone; 

3.  simple  initial  operations  procedures  required  of  the  user  which  utilize  default  scenarios  and 
limit  requirements  for  new  information  prior  to  displaying  tentative  results; 

4.  user  flexibility  which  permits  input  of  a  wide  variety  of  modifications  to  the  model  data; 

5.  incorporation  of  the  highlights  of  the  emergency  plan  procedures,  particularly  notification 
protocols;  and 

6.  location  of  the  system  so  as  to  be  accessible  to  emergency  personnel  with  provision  for  remote 
or  duplicate  access  to  the  systems  information  in  case  the  prime  location  was  uninhabitable. 
Table  28  lists  a  group  of  commercial  response  models  currently  available  as  a  sampling  rather 

than  an  exhaustive  list  of  available  systems.  Included  are  the  vendors,  an  overview  of  important 
features  such  as  visual  data  displays,  integrated  real-time  meteorological  data,  computer  emergency 
response  notification  systems,  etc.  When  available,  an  approximate  estimate  of  system  price  is 
included,  but  these  data  will  probably  vary  over  significant  ranges  based  on  the  complexity  of  the 
systems  specified. 

Features  included  in  this  overview  include  the  following: 

Computer.  The  type  of  computer  system  required  for  the  program  Imicrocomputcr  (PC)  or 
minicomputer  (VAX,  etc.)]. 

Integrated  release  and  dispersion  system.  The  program  determines  the  release  rate  based  on 
predetermined  rclca.se  scenarios  or  the  physical  characteristics  of  the  container,  hole  size,  and  the 
material  characteristics.  The  program  also  determines  whether  the  release  is  continuous  or 
instantaneous  and  if  an  evaporating  pool  of  liquid  is  formed. 
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Acquisition  of  mctcorolcitiical  data.  The  meteorological  data  are  input  manually  or 


automatically  from  the  metering  equipment. 

Heavy  gas-dispersiem.  Does  the  program  include  models  for  the  dispersion  of  gases  more  dense 
than  the  surrounding  air? 

Display  of  dispersion  pattern  and  cmcrccncv  action  zones.  Does  the  model  include  a  graphical 
display  of  the  plume  or  puff  superimposed  on  a  local  area  map  and  does  it  graphically  define  the 
limits  of  the  response  action  zones? 

Determination  of  fire  and  explosion  conseciuences.  Does  the  model  take  into  account  the 
potential  fire  and  explosion  spatial  and  temporal  consequences? 

Buildint;  downwash  effects.  Arc  the  effects  of  buildings  and  other  terrain  effects  included? 

Inclusitm  emergv  plan  procedures.  Are  the  local  emergency  plan  procedures  displayed  by 
the  model? 

Trajectory  modifications  durint;  modeline.  Can  modifications  due  to  changes  in  meteorological 
conditions  be  made  during  real-time  response  modeling? 

Log  of  user  entry  information.  Is  a  log  of  information  entered  by  the  users  kept  during  each 
modeling  run? 

In  some  cases,  model  features  included  in  the  literature  arc  not  adequately  described  and, 
consequently,  are  listed  as  unknown  in  Table  28.  Since  this  overview  is  intended  only  to  identify 
and  list  the  features  of  several  well-known  commercially  available  models,  the  reader  is  advised  to 
obtain  further  detailed  up-to-date  information  from  the  vendors. 

14.6  HAZARDS  EVALUATIONS  OF  PROCESSING  FACILITIES  HANDLING 
TOXIC  MATERIALS 

A  very  important  group  of  procedures  used  for  the  prevention  of  toxic  chemical  relea.ses  and 
for  process  safety  evaluation,  in  general,  in  processing  facilities  is  classified  under  the  title  of 
"Hazards  Evaluation."  Thc.se  procedures  are  used  to  identify  and  evaluate  chemical  process  hazards 
throughout  all  phases  of  the  life  of  a  facility:  design,  construction,  startup  and  shutdcvwn,  normal 
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operation,  and  plant  revisions.  They  have  been  developed  and  used  extensively  over  the  past  10 
years  by  ehemieal,  petroehemieal,  and  petroleum  refineries  throughout  the  world.  Although  the 
existing  federal  regulations  do  not  require  the  spccifie  applieation  of  these  proeedures  to  hazmat 
faeilities,  the  New  Jersey  Toxic  Catastrophe  Prevention  Act  enacted  in  1986  requires  chemical 
manufacturers  in  that  state  to  institute  risk  management  programs  that  include  many  of  the  hazard 
evaluation  proeedures  described  below.  Specifically,  the  statute  requires  facilities  to  perform  an 
Extraordinary  Hazardous  Substance  Accident  Risk  Assessment  (EHSARA)  on  those  operations  that 
gcncTi'e,  store,  handle,  or  safeguard  extraordinary  hazmats.  A  work  plan  for  this  assc.ssment  is  to 
include  the  following  elements: 

1.  reporting  of  the  identities  and  quantities  of  all  extraordinary  hazmats  that  are  generated, 
stored,  handled,  or  that  could  accidentally  be  produced  by  the  facility; 

2,  reporting  of  the  nature,  age,  and  condition  of  all  hazmat  handling  components  plus 
schedules  for  their  maintenance  and  testing; 

an  analysis  of  po.ssible  hazmat  di.scharges  and  procedures  and  equipment  designed  to  prevent 
such  events; 

4.  reporting  of  the  training  or  management  practices  used  to  communicate  hazmat  information 
to  personnel  and  safety  training  to  promote  safe  operation  and  prepare  for  unanticipated  releases; 
and 

5.  reporting  of  other  preventive  maintenance  measures,  on-site  emergency  response  capabilities, 
or  other  internal  systems  to  safeguard  against  releases. 

The  EHSARA  is  to  be  conducted  according  to  a  work  plan  developed  by  an  independent  consultant 
or  by  the  New  Jersey  Department  of  Environmental  Health.  Quite  probably,  other  states  will 
emulate  the  New  Jersey  statute  in  the  foreseeable  future. 

The  AIChE  Center  for  Chemical  Plant  Safety  has  categorized  the  basic  approaches  to  haz.ard 
evaluation."''  Essentially  there  arc  two  basic  approaches:  (1)  adherence  to  good  practice  and  (2) 
predictive  haz.ard  evaluation  procedures.  Many  of  these  approaches  address  the  proper  procedures 
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ihai  operating  personnel  must  use  during  startup,  normal  t)perations,  shutdown,  and  emergencies 
but  do  not  include  evaluation  of  the  factors  leading  to  human  errors.  This  area  is  known  as  Human 
Error  Analysis,  and  its  purposes  are  to  identify  potential  human  errors  and  their  effects  and  to 
analyze  the  causes  of  observed  human  errors  in  processing  facilities.  The  results  of  Human  Error 
Analysis  arc  olten  incorptrrated  in  the  predictive  hazard  evaluation  procedures  in  order  to  evaluate 
the  probabilities  of  human  errors  prior  to  and  during  emergency  situations.  Techniques  used  in 
Human  Error  Ana'ysis  are  normally  applied  by  professionals  trained  in  human-performance 
technology. 

14.6.1  Adherence  to  Good  Prtictice 

Adherence-to-gO(td-practice  techniques  has  been  in  effect  in  the  process  industry  for  many  years 
and  include  observance  of  safety  rules  and  regulations,  adherence  to  accepted  standards  and 
procedures,  and  following  proven  practices  based  on  years  (T  oncraiing  experience.  The  procedures 
that  are  used  most  frequently  for  identifying  deviations  from  good  practice  include  checklists,  safety 
reviews,  and  the  use  of  Dow  and  Mond  Hazard  Indices.  Brief  summaries  of  these  methods  are 
included  below. 

14.6.1.1  "What-ir  Hazards  Analysis 

A  "what  if  analysis  is  intended  to  be  a  less  structured  procedure  than  methods  such  as  Failure 
Modes  and  Effects  or  Hazop  Studies.  Its  purpose  is  to  examine  and  analyze  the  consequences  of 
deviations  from  the  design,  installation,  mtidifications,  maintenance,  and  normal  operation  of  a 
process  plant.  In  operation,  a  group  of  two  or  three  experienced  technical  personnel  determine 
what  would  happen  if  events  occurred  that  are  not  within  the  intent  of  the  plant  design  or  normal 
operatiovts. 

14.6.1.2  Checklists 

This  is  an  inexpensive  screening  procedure  to  identify  the  httztirds  involved  in  a  process  and  the 
recommended  means  for  their  correction.  In  mtiny  cases,  it  is  used  to  identify  deviations  from  good 


cnt:inccring  pniclicc  and  standards.  It  generally  is  coneerned  with  the  plant  equipment  and  facilities, 
including  all  safety  and  personnel  protection  systems.  Checklists  arc  used  during  design, 
construction,  startup,  operation,  plant  modification,  and  shutdown.  For  an  existing  plant,  the  time 
tnat  must  be  allotted  for  this  activity  is  usually  about  1  week  and  requires  the  services  of  one  or 
more  expcnenceu  eagim-crs. 

14,6.1.,^  Dow  and  Mond  Hazard  Studies 

The  Dow  and  Mond  Indices  provide  a  convenient  way  to  prepare  a  relative  ranking  of  the 
sarious  chemical  plant  features  such  •  ^  chemical  reactions,  process  materials,  fire  and  explosions 
risks,  etc.'  Penalties  are  assigned  to  those  features  which  could  contribute  to  an  accident,  and 
credits  are  applied  for  safety  features  that  could  mitigate  the  consequences  of  an  event.  The 
penalties  and  credits  arc  combined  to  deselop  an  index  that  represents  the  relative  risk  of  each 
group  of  prcK'cssing  units  (a  processing  unit  is  a  primary  item  of  process  equipment)  in  a  chemical 
plant.  ComV  in'ition  of  the  indexes  for  all  the  proce.ss  units  leads  to  an  overall  rating  of  the  plant 
hazard  potential.  One  drawback  to  this  procedure  is  that  material  toxicity  is  not  separately  ranked. 
Also,  the  procedure  requires  one  qualified  technical  analyst  who  can  usually  complete  rating  two 
to  three  average  process  unit  evaluations  per  week. 

14.6.1.4  Safety  Review 

A  "safety  review"  is  essentially  an  intensive  plant  inspection  to  identify  plant  conditions  or 
procedures  that  pose  a  significant  risk  in  terms  of  events  that  could  cau.se  losses  of  life  or  facilities. 
It  is  also  called  a  process  salety  review,  loss  prevention  review,  r)r  a  periodic  safety  review  since  it 
is  often  performed  at  one  or  more  yearly  intervals.  A  team  of  two  to  five  persons  of  varied 
backgrounds  and  responsibilities  may  perform  the  review  over  a  weekly  period  or  more.  The  goal 
is  to  identify  major  risk  situations  thrtrugh  plant  staff  interviews;  review  the  plant  drawings, 
emergency  plans,  codes  and  standards,  and  all  applicable  procedures;  inspect  the  plant  and 
equipment;  and  prepare  a  detailed  report  of  the  findings  and  recommendations.  The  review  may 
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also  include  a  mock  emergency  to  provide  insight  into  the  facilities’  response  during  emergency 
operations. 

14.6.2  Predictive  Hazard  Evaluation  Procedures 

Picuictive  hd/aru  evaluation  procedures  essentially  involve  an  in-depth  analysis  of  the  processes, 
systems,  and  operations  and  may  not  be  based  on  prior  experience.  Included  in  these  evaluations 
is  a  definitive  series  of  steps  to  be  followed.  First,  the  system  is  described  completely,  which  permits 
the  identification  of  any  hazards  inherent  in  the  process  as  its  equipment.  After  a  hazard  has  been 
identified,  the  probabilities  of  its  occurrence  can  be  estimated  along  with  its  consequences  on  life 
and  property  in  the  vicinity.  Overall  risk  can  then  be  determined  by  assuming  that  the  consequences 
can  be  expressed  in  quantitative  terms.  An  assessment  of  the  risk  then  permits  a  decision  as  to  its 
acceptance;  if  not,  the  system  must  be  modified  so  as  to  lower  the  risk  and  permit  normal 
operations  to  be  pursued.  Application  of  predictive  hazard  evaluation  to  all  processes  and  process 
equipment  items  in  a  facility  enables  the  management  to  develop  an  overall  risk  analysis.  However, 
this  must  include  the  identification  of  possible  accident  sequences  that  involve  multiple  events, 
including  an  initiating  event,  intermediate  events  in  the  sequence,  and  the  nature  of  the  final 
consequences.  During  the  analysis,  opportunities  to  reduce  risks  by  lowering  the  probabilities  of 
the  initial  and/or  intermediate  events  and  decreasing  the  consequences  must  be  taken  in  order  to 
reduce  the  overall  risk  to  acceptable  levels. 

Actions  taken  to  reduce  the  overall  risk  include: 

1.  changes  in  the  physical  design  layout  or  control  system; 

2.  changes  in  operating/management  procedures; 

3.  process  changes  (pressure,  temperature,  process  materials); 

4.  changes  in  materials  of  construction; 

5.  changes  in  testing  and  inspection/calibration  procedures;  and 

6.  additions  and/or  changes  in  the  safety  equipment. 
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A  list  of  predictive  hazard  evaluation  methods  developed  by  Henley  is  presented  in  Table  29."'' 
Brief  descriptions  of  each  of  these  methods  arc  presented  in  the  subsections  that  follow. 

14.6.2.1  Preliminary  Hazards  Analysis  (PHAl 

This  is  a  preliminary  analysis  whose  purpose  is  to  recognize  hazards  early  in  the  initial  design 
or  renovation  of  a  processing  facility.  It  is  patterned  after  the  U.S.  Military  Standard  System  Safety 
Program  Requirements.  Since  it  is  normally  applied  during  the  conceptual  design  phase,  few  details 
on  the  plant  components  arc  available;  therefore,  only  qualitative  information  regarding  the 
projected  process  and  equipment,  numbers  and  types  of  hazardous  operations,  operating  conditions, 
system  component  interfaces,  and  prior  e.xpericnce  with  similar  processes  is  available.  The  prime 
purpose  is  to  provide  guidance  to  designers  concerning  the  safety  aspects  of  the  final  plant  design 
and  provide  incentive  for  consideration  of  alternatives  if  major  safety  problem  areas  become 
apparent. 

14.6.2.2  Failure  Modes.  Effects,  and  Criticality  Analysis 

A  Failure  Modes  and  Effects  Analysis  (FMEA)  is  a  tabulation  of  potential  plant  component 
failures  and  how  these  failures  can  affect  the  normal  operation  of  the  plant.  Usually  single  failure 
modes  are  examined  and  operator  errors  are  generally  not  examined;  however,  the  effects  of 
misoperation  are  usually  described  by  an  equipment  failure  mode  (116). 

The  addition  to  a  FMEA  of  a  ranking  .system  concerning  how  critical  the  consequence  of  each 
failure  mode  qualifies  it  as  a  Failure,  Modes,  Effects  and  Criticality  zMialysis  (FMECA).  The 
criticality  or  con.scqucnccs  ranking  scale  of  1  to  4  usually  includes:''- 

1.  no  effect, 

2.  minor  process  upset, 

.3.  major  upset  -  normal  shutdown,  and 
4.  extreme  hazard  -  emergency  shutdown. 
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FMECA  is  used  during  all  phases  of  a  plani’s  life;  design,  conslruetion  and  operations.  The  results 
are  essentially  qualitative,  hut  a  relative  ranking  of  the  tbllowing  am  he  made  based  on  the 
eonsequences  of  eaeh  failure  and  the  failure  probabilities  or  frequencies. 

As  indieaied  in  Table  2*^),  a  major  effort  is  not  required  unless  a  large  faeility  is  studied.  For 
example,  Harrington  deseribes  a  FMEA  study  of  a  refinery  where  1017  component  failures  were 
identified.''"  However,  it  does  require  personnel  experienced  in  the  safety  analysis  of  processes. 

14.6.2.3  Fault-Tree  Analysis 

A  fault  tree  analysis  (FTA)  involves  evaluation  of  the  cause-consequence  relationships  for  each 
particular  accident  event.  The  fault  tree  is  usually  developed  as  a  graphic  model  showing  the 
various  combinations  of  equipment  failure  as  shown  in  Fig.  13.'-'  The  accident  is  defined  as  the 
top  event  and  the  happenings  (and  their  related  probabilities)  leading  up  to  this  event  are  shown 
on  the  logic  diagram.  The  probability  of  the  top  event  can  be  estimated  using  mathematical 
manipulation  of  the  probabilities  for  each  event.  For  a  complicated  chemical  or  refinery  process, 
it  is  necessary  to  develop  many  fault  trees,  which  requires  extensive  time  and  effort  by  experienced 
technical  personnel.  Also,  determination  of  the  probabilities  for  each  event  requires  development 
of  an  extensive  data  ba.se  for  each  component,  including  the  processing  equipment,  instrumentation, 
electrical  gear,  safety  equipment,  etc. 

14.6.2.4  Event-Tree  Analysis 

An  event  tree  involves  the  identification  of  potential  initiating  events  (such  as  the  top  events 
from  fault-tree  analysis)  and  determines  a  potential  accident  sequence  and  the  probable 
consequences.  The  accident  sequences  include  operator  or  .safety  system  response  to  the  initiating 
events  and  applying  probability  factos  to  each  of  these  responses.  The  results  define  the 
chronological  scries  of  failures  or  errors  that  lead  to  the  final  accident.  The  event-tree  also 
estimates  the  accident  con.scquence  and  its  probability.  Event-trees  arc  used  during  plant  design  to 
asse.ss  potential  accidents  and  during  plant  operation  to  determine  the  adequacy  of  existing  safety 
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equipment  and  estimate  the  potential  consequences  of  equipment  failure  and/or  operator  errors. 
Extensive  time  and  effort  is  required  for  a  large  or  complex  process  unit.  Also,  an  extensive  data 
base  concerning  equipment  failures  is  needed  if  the  probabilities  of  each  sequence  are  to  be 
quantified. 

14.6.2.5  Cause-Consequence  Analysis 

Cause-consequence  analysis  incorporates  elements  of  both  the  fault-tree  and  the  event-tree 
methods.  It  utilizes  the  forward  flow  structure  of  the  event-tree  analysis,  which  starts  with  an 
initiating  event  and  develops  the  potential  accident  sequence  plus  the  fault-tree  structure  that 
examines  the  causes  leading  to  the  initiating  event.  Thus,  it  goes  all  the  way  back  to  the  "root" 
causes  of  the  accident  and  can  estimate  the  expected  frequency  of  occurrence  if  the  appropriate 
data  arc  available.  The  time  and  costs  for  a  causc-con.scqucncc  analysis  are  significant  since  the 
analysis  is  a  complex  procedure.  Also,  an  experienced  team  of  analysts  is  required. 

14.6.2.6  Hazards  and  Operability  Studies  fHAZOPl 

The  HAZOP  method  is  an  extended  FMEA  procedure  for  identifying  hazards  in  a  process 
design,  their  possible  cause,  their  potential  consequences,  and  the  actions  required  for  correction 
of  the  causes.  The  method  utilizes  a  multidisciplinary  team  that  meets  to  review  the  plant  design 
in  detail.  Each  line  and  vessel  in  the  design  arc  identified,  and  certain  predefined  guidewords  such 
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as  temperature,  pressure,  flow,  ete.,  are  applied  to  the  proeess  variables  at  that  point.  The 
following  guidewords  are  normally  used: 


Guideword 

Definition 

No 

Reverse  of  design  intent 

Less 

Quantitative  decrease 

More 

Quantitative  increase 

Part  of 

Qualitative  decrease 

As  well  as 

Qualitative  increase 

Reverse 

Opposite  of  the  design  intent 

Other  than 

Complete  substitution 

The  guidewords  are  applied  to  flow,  temperature,  pre.ssure,  level,  eomposition,  or  any  other 
variables;  initial  eau.ses  for  eaeh  deviation  are  listed;  the  consequenees  are  slated;  actions  required 
to  provide  solutions  to  the  problem  are  listed;  and  the  actual  reeommendations  of  the  team  arc 
included.  This  method  provides  an  in-depth  qualitative  analysis  of  a  plant  during  its  conceptual 
design  and  is  very  effective  in  identifying  and  correcting  potential  hazards.  Generally,  events 
requiring  simultaneous  and  independent  oeeurrcnccs  of  Ihrce  or  more  equipment  malfunctions  or 
operational  errors  are  not  considered  credible.  The  optimum  times  for  HAZOP  studies  arc  during 
the  plant  conceptual  design,  design  freeze,  plant  startup,  and  normal  operation  periods. 

A  HAZOP  study  team  should  be  made  up  of  five  to  seven  professionals,  but  the  number  could 
be  fewer  for  a  small  plant  design.  AIChE  estimates  that  each  major  equipment  item  could  require 
about  .1  h  of  effort;  hence,  a  significant  expenditure  of  time  and  money  would  be  required  for  a 
large,  complex  plant."*  In  addition,  meetings  of  the  team  would  usually  be  limited  to  a  few  hours 
per  day  due  to  the  intense  effort  required  for  the  analysis.  Results  of  the  HAZOP  study  will 
include  a  list  of  critical  events  that  would  require  more  detailed  analysis  before  the  ultimate 
consequences  could  be  determined.  These  events  are  typically  expressed  in  terms  of  the  amounts 
of  toxic  and/or  flammable  materials  released  from  the  equipment  component.  Release  rates  and 


ihcir  cluraiicin  arc  ihcn  cstimaiccl  lor  iiso  in  a  detailed  eonsequenee  model. 

(^nee  the  release  rate  inlormaiion  has  been  developed,  computer  based  dispersion  models  such 
as  (hose  described  in  Sect.  14.5  can  be  employed  to  quantify  the  following  parameters: 

1.  the  expected  extent  of  toxic  and  or  tlammablc  vapor  cloud  travel  under  varying  weather 
cotiditions, 

2.  therma!  radiation  fields  around  vapor  and  liquid  pool  fires, 

5.  overpressure  and  impulse  fields  frotn  e(|uipmenl  explosions, 

4.  the  extent  of  missile  or  fragmentation  activity  resulting  from  explosions, 

5.  geographical  areas  to  be  evacuated,  and 

b.  the  levels  of  response  equipment  and  persitnnel  required  in  terms  of  medical,  fire,  police, 
ambulance,  rescue,  etc.,  assistance. 

b'or  highly  hazardous  events,  a  complete  cause-consequence  tinalysis  nitty  be  required  (see  Sect. 
4.b.2.5). 

1 4.6. .4  Overview  of  Uti/ard  F.valualion  Techniques 

The  two  basic  approtiches  for  hazard  evaluation  include  (I)  adherence  to  good  practice  and  (2) 
predictive  hazard  evaluation.  Both  appro, tches  are  considered  to  be  valuable  for  the  prevention  of 
chemical  plant  releases,  hut  the  former  is  essentially  a  minimum  requirement  during  the  design, 
construction,  and  operation  of  all  process  phints.  Accepted  standards  and  proven  stifety  practices 
htive  been  in  effect  for  many  yctirs  ;md  htivc  been  responsible,  in  part,  for  the  excellent  safety 
experience  at  many  chemical  plants.  Additional  procedures  such  as  checklists  and  safety  reviews  are 
also  included  under  this  category  and  are  common  procedures  in  most  chemical  facilities. 

Predictive  hazard  evaluation  procedures  include  additiontil  steps  that  enable  tiie  evaluation  of 
chemical  processes  where  new,  different,  or  extremely  hazardous  systems  and  materials  are  being 
considered.  They  also  enable  the  evaluation  of  very-low-frequency/high-consequence  events  where 
there  is  little  or  no  prior  experience  available.  The.se  procedures  range  from  simple  and  relatively 
inexpensive  preliminary  hazards  analysis  to  very’  detailed,  complex,  and  expensive  systems  such  as 
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lault-trco  analysis  and  causo-conscquence  analysis.  Computerized  systems  that  include  provisions 
for  predicting  human  failure  are  available  for  the  development  of  these  analyses.'”'"' 

Acceptance  by  the  chemical  industr)  of  these  predictive  hazaird  evaluation  systems  varies 
considerably  among  the  various  methods.  Widespread  acceptance  has  occuricd  for  the  Preliminary 
Hazard  Analysis,  the  Failure  Modes,  Effects,  and  Criticality  and  the  HAZOP  procedures.  They  are 
primarily  quantitative  procedures  that  force  the  plant  designer/operators  to  review  the  process  in 
detail  and  identify  those  areas  where  significant  risks  exist.  Risk  in  this  context  is  the  product  of 
the  expected  frequenc'y  of  an  event  and  its  expected  consequences  in  the  plant  and  its  surrounding 
area.  The  main  purpose  of  these  procedures  is  to  reduce  the  risk  of  chemical  releases  through 
prevention  of  equipment  failure  and  the  subsequent  loss  of  plant  containment. 

Many  organizations  u,se  the  HAZOP  procedure  as  the  initial  method  for  identifying  and 
characterizing  hazards  for  subsequent  quantitative  analysis  such  as  the  fault-tree  method.  Bendixen’’'* 
indicates  that  an  ideal  hazard  identification  approach  should  accomplish  the  following: 

1.  detect  all  significant  hazards  in  the  chemical  process  plant, 

2.  yield  accurate  descriptions  of  these  hazards  in  a  form  suitable  for  subsequent  qualitative 
analysis, 

3.  consume  a  minimal  amount  of  time,  yet  permit  judgments  as  to  those  hazards  considered 
serious  and  those  which  can  be  classified  as  insignificant  failure  modes. 

The  most  efficient  methods  in  terms  of  time  and  costs  for  initial  hazard  identification  arc  those 
which  consider  and  document  the  following; 

1.  man/machine  interactions; 

2.  operator  oversight  cttects; 

3.  effects  of  process  condition  variations; 

4.  self-mitigating  effects  of  certain  hazards; 


5.  data  on  composition,  rates  or  quantity  velocity,  direction,  location,  and  initial  conditions  of 
hazardous  materials  releases;  and 

6.  qualitative  ranking  as  to  their  potential  seriousness  of  the  hazards  identified. 

Several  organizations  experienced  in  ehcmical  plant  risk  assessment  recommend  the  HAZOP 
approach  as  a  very  effective  method  for  achieving  the  above  criteria. A.  D.  Little  surveyed  the 
chemical  industry  recently  and  found  that  between  one-third  and  one-half  of  the  major  chemical 
companies  have  used  the  HAZOP  technique  in  their  facilities.  Other  hazard  identification  methods 
such  as  a  "what  if  analysis,  although  thorough,  may  be  inefficient  because  a  complete  listing  of  all 
hazards  is  attempted  without  screening  out  those  failure  modes  that  are  insignificant  process  risks. 
Checklists,  on  the  other  hand,  may  fail  to  identify  significant  hazards,  particularly  when  new  process 
technology  is  under  consideration. 

Quantitative  methods  such  as  fault-tree  and  event-tree  analyses  have  been  the  subject  of 
extensive  leeeul  ie<ippiaisai.  The  prime  rea.sons  for  the  concern  arc  related  to  the  time,  expense, 
and  extensive  data  required  for  detailed  quantification  of  the  risks  in  chemical  plants.  Freeman*^ 
addressed  the  results  of  an  extensive  proce.ss  risk  study  recently  completed  for  the  Rymond  area  of 
the  Rhine  River  delta  north  of  Rotterdam.  The  results  of  this  study  illustrate  some  of  the 
limitations  of  current  probabilistic  risk  a,s,scssmcnt/incthods.  The  goal  of  the  study  was  to  "decide 
what  role  the  methodology  of  risk  a.sscssmcnt  can  play  for  the  formulation  of  a  safety  policy."  Three 
toxic  chemical  storage  facilities,  two  flammable  chemical  storage  facilities,  and  a  chemical  separation 
process  handling  toxic  chemicals  were  studied.  Several  important  conclu-  sions  reached  by  the 
study  were: 

1.  The  estimated  probabilities  of  accidents  examined  had  uncertainties  of  one  or  two  orders  of 
magnitude. 

2.  The  estimated  con.sequcnces  of  the  accidents  examined  had  unce’-tainties  of  one  order  of 


magnitude. 
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3.  For  facilities  whose  useful  life  is  only  30  years,  results  that  estimate  accident  frequencies  of 

once  per  1  x  10^  years  had  little  physical  meaning. 

4.  Risk  assessment  studies  are  very  expensive  and  time  consuming. 

A  major  recommendation  of  the  study  was  that  risk  assessment  be  used  selectively  on  problems 
where  the  existing  technical  knowledge  is  inadequate  to  provide  insight  into  the  disks.  Joschek'” 
also  inriicates  that  these  quantitative  probabilistic  methods  provide  a  rough  order  of  magnitude  of 
the  overall  risk  for  a  new  technology  or  processing  activity  such  as  that  found  in  the  nuclear 
industry.  He  recommends  that  overall  risks  for  chemical  processing  plants  using  known  technology 
be  determined  from  operating  experience  alone.  Uncertainties  in  probabilistic  risk  assessment 
studies  of  the  chemical  industry  in  Germany  can  be  summarized  as  follows; 

1.  The  process  plants  utilize  a  large  variety  of  process  operations  and  a  wide  range  of  operating 
conditions;  therefore,  obtaining  reliable  data  on  the  large  number  of  equipment  items  under 
identical  or  similar  conditions  is  not  possible. 

2.  Legal  problems  concerned  with  current  chemical  plant  licensing  procedures  in  West 
Germany  could  be  formidable  for  this  technology.  So  far,  licensing  has  not  been  based  on  failure 
probabilities  due  to  the  inaccuracy  of  the  results,  the  difficulty  in  reviewing  the  results  in  the  courts, 
and  the  fact  that  legal  authorities  have  yet  to  define  acceptable  risks  in  a  probabilistic  manner. 

3.  Current  hazards  evaluation  procedures  of  BASF  Corporation,  which  include  a  three-step 
safety  evaluation,  are  deemed  adequate  for  their  risk  assessment  of  new  facilities.  Consequently,  in 
their  judgment,  there  is  no  need  for  probabilistic  risk  assessment.  They  do  include  extensive 
HAZOP  studies  as  part  of  third-stage  steps  in  the  safety  evaluation. 

Consequently,  BASF  recommends  that  probabilistic  risk  assessments  such  as  fault-tree  analysis 
be  applied  only  to  hardware-oriented  systems  with  a  small  number  of  components  where  adequate 
reliable  failure  data  are  available.  They  also  suggest  that  these  procedures  be  used  only  as  a  backup 
for  normal  design  procedures. 
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A  review  of  DuPont’s  Process  Hazards  Management  (PHM)  program  indicates  that  analytical 
methods  used  include  checklists,  failure  modes  and  effect,  HAZOP,  and  fault-tree  analysis.'^  The 
methods  used  vary,  depending  on  the  capability  of  the  review  team,  prior  company  operating 
esperience,  process  complexity,  and  other  factors.  Process  hazard  reviews  are  made  during  design, 
construction,  before  startup,  and  during  operation  at  periodic  intervals.  During  the  periodic  reviews, 
emphasis  is  placed  on  those  processes  or  process  steps  where  an  event  could  lead  to  serious  injuries, 
release  of  significant  quantities  of  a  flammable  or  toxic  material,  or  result  in  a  major  fire  or 
explosion.  The  frequenev  of  the  reviews  is  based  on  the  hazards  present  but  range  between  2  and 
7  years. 

The  extensive  use  of  fault  tree  analysis  by  DuPont  has  been  described  by  Helmers.’’’  Their 
principal  criteria  used  to  characterize  risk  through  fault  trees  include: 

1.  Interval  Between  Incidents  flBH  -  interval  in  years  between  serious  incidents  for  a  chemical 
process  or  process  component. 

2.  Process  Hazards  Index  fPHM  -  the  most  probable  time  interval  in  years  between  individual 
fatalities  caused  by  a  chemical  process. 

3.  Individual  Hazard  Index  (IHH  -  number  of  fatal  injuries  in  1  x  lO*"  h  of  exposure  to  a  particular 
process  hazard. 

Guidelines  for  using  these  three  definitions  of  risk  determined  by  fault-tree  analysis  are: 

1.  They  are  useful  for  supplementing  other  methods  used  for  process  hazard  management. 

2.  Target  values  of  PHI  and  IHl  are  u.sed  in  setting  priorities  for  process  risk  reduction. 

3.  Alternatives  are  identified  for  increasing  the  PHI  to  above  initial  values. 

4.  If  the  PHI  is  less  than  1(),()(X)  years,  consider  improvements  to  the  system. 

The  prime  usefulness  of  DuPont’s  program  for  quantifying  the  process  risks  is  to  set  priorities 
for  safety  improvements,  make  better  decisions,  and  optimize  the  benefits  achieved  from  their 
allocation  of  safety  rc.source.s. 
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14.6.4  Avaikthiliiv  of  H^i/arJs  Evaluation  Services 

Table  .40  lists  some  of  the  eommereial  firms  who  offer  hazards  evaluation  services.  The  list  was 
developed  from  information  presented  in  the  literature  and  does  not  purport  to  include  all  the 
vendors  of  these  serv  ices.  The  costs  of  these  services  vary  widely,  depending  on  the  type  of  analysis, 
complexity  of  the  plant  to  be  evaluated,  and  level  of  resolution  required.  However,  Fussell  indicated 
in  1984  that  "an  entire  plant  can  be  analyzed  for  less  than  S25(),(KX)  ...  a  unit  analysis  can  run  as 
low  as  S20,(XK)."''‘'  However,  this  range  is  judged  to  be  somewhat  low,  particularly  when  viewed 
within  the  context  of  current  professional  salarie.s. 

14.7  E.MERGENCY  RESPONSE  INFOR.VIATION  AND  DATA  BASES 

Information  requirements  for  the  development  of  local  community  and  facility  emergency 
response  plans  can  be  verv'  extensive  and  can  consume  significant  amounts  of  time  and  resources. 
In  fact,  the  NRT  Planning  Guide  states  that:  "Developing  a  complete  hazards  analysis  that  examines 
all  hazards,  vulnerabilities,  and  risks  may  be  neither  possible  nor  desirable.  This  may  be  particularly 
•rue  for  smaller  communities  that  have  less  expertise  and  fewer  resources  to  contribute  to  the  task. 
The  planning  |e,am  must  determine  the  level  of  thoroughness  that  is  appropriate."  Identification  of 
the  major  data  sources  in  this  .section  should  a.ssist  planners  in  their  tasks  of  developing  the 
ncccs.sary  information  about  the  hazardous  materials  of  concern  to  their  locality  or  site.  The  types 
of  hazmat  information  bases  to  be  considered  include: 

1.  hazardous  materials  properties  (toxicity,  flammability,  reactivity); 

2.  historical  data  on  hazmat  accidents,  and 

.4  inventories  and  materials  flow  of  hazardous  materials. 

Information  on  the  sources  of  these  bases  is  presented  below. 
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14.7.1,1  E.xlrcmclv  Ha/arJous  Suhsliincc  Data  Base 

'Hie  (lata  ba.se  for  the  identification  of  an  "Fixtremely  Hazardous  Substance"  under  SARA  Title 
III  Section  302  is  the  list  of  402  extremely  hazardous  substances  prepared  by  EPA."'  This  list 
includes  the  402  chemicals  published  in  the  "CEPP  Interim  Guidance  List"'*  plus  4  other  chemicals 
added  as  a  result  of  new  information.  EPA  adopted  the  criteria  shown  in  Table  31  to  identify  those 
substances  which  may  present  severe  health  risks  to  humans  exposed  during;  hazmat  releases.  These 
criteria  arc  cernsistent  with  toxicity  values  judged  by  the  scientific  communilv  to  be  indicative  of  the 
potential  for  acute  toxicity  and  are  lower  than  those  in  the  OSHA  health  hazard  definitions.  In 
addition,  EPA  also  included  some  chemicals  that  do  not  meet  the  acute  toxicity  criteria  but  may 
pose  threats  due  to  their  large  volume  production,  acute  lethality  values,  and  known  risks  (as 
indicated  by  their  history  as  the  cause  of  deaths  and  injury  in  accidents;. 

To  develop  the  acutely  toxic  chemicals  data  base,  EPA  applied  the  criteria  shown  in  Table  31 
to  the  Registry  of  Toxic  Effects  of  Chemical  Substances”’  (RTECS)  data  ba.se  maintained  by 
NIOSH.  This  data  base  is  the  largest  computerized  .set  of  acute  toxicity  information  available  and 
includes  information  on  more  than  79,(KK)  chemicals.  [:PA  selected  only  those  chemicals  in  current 
production  as  listed  in  the  "1977  Toxic  Substance  Control  Act  Inventory"  and  the  current  EPA  list 
of  active  pesticide  ingredients.  Chemical  substances  starting  production  since  1977  were  also 
included.  Substances  not  considered  for  inclusion  were  research-and-developmcnt  stage  chemicals, 
chemicals  used  as  food  additives,  drugs,  or  cosmetics,  and  nontoxic  flammable  or  reactive  substances. 
Toxic  or  reactive  nontoxic  materials  were  not  included  because  SARA  Title  111  initially  addressed 
only  acutely  toxic  h.izardous  chemicals. 
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.any  test  animals  died.  i-D-;,:  I.etlial  Dose  Low,  the.  lowest  dose  at  v.iiii.'h 
<n)v  test  animals  died. 


A  summan  of  the  publicly  available  inU)rmation  on  each  of  the  substances  listed  under  the 
"Extremely  Ha/urdous  Substances"  is  available  from  EPA.  These  are  called  "EPA  Chemical  Profiles” 
and  have  the  same  recommended  formats  as  the  Material  Safety  Data  Sheets  described  later.  The 
profile  on  each  chemical  includes  information  on  synonyms,  recommended  exposure  limits, 
physical  chemical  characteristics,  fire  and  explosion  hazards  and  firefighting  procedures,  reactivity, 
health  hazards,  use,  and  precautions.  Proliles  for  each  extremely  hazardous  substance  are  tivailable 
in  hard  copy  and  on  IBM-compatible  floppy  disks.  The  profiles  tire  being  updated  with  addiliimal 
information. 

14.7.1,2  Material  Safely  Data  Sheds 

SAR.A  Title  III  Section  .401  specified  that  the  owners  or  operators  of  facilities  that  are  required 
by  the  OSH  z\ct  of  197()'''  to  prepare  .Material  S-ifety  Data  Sheets  (.MSDSs)  must  make  them 
tivailable  to  local  and  st;tte  emergency  response  organizations.  The  .MSDSs  are  d;it;i  sheets  on 
individual  chemicals  or  mixtures  containing  hazardous  chemicals.  Chemic.il  manufacturers  and 
impc'ters  are  required  t('  develop  an  MSDS  for  each  hazanlous  mtiterial  thttl  they  produce  or 
import  under  the  Hazard/Communieation  Rule  of  the  Occupational  Safely  and  Health  Act  of  1970.'" 
Employees  are  required  to  have  an  MSDS  for  each  haztirdous  chemical  that  they  use.  Included  in 
etich  MSDS  is  the  following  information: 

1.  the  chemical  name  and  other  identification; 

2.  Physical, 'chemical  characteristics; 

.4.  Toxicity,  corrosivity,  reactivity  data; 

4.  Basic  precautions  in  handling,  storage,  and  use; 

5.  Basic  countermeasures  to  be  taken  in  the  event  of  an  accident;  and 

6.  Basic  protective  equipment  to  minimize  exposure  to  the  chemical. 

It  is  important  to  note  that  the  MSDS  materials  do  not  include  only  toxic  chemicals  since, 
according  to  the  OSHA  definition,  "a  hazardous  chemical  means  anv  chemictil  which  is  a  physical 
hazard  or  a  health  hazard,"  A  pliysical  h.azard  is  defined  as;  "a  chemical  for  which  there  is 
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scientifically  \alid  evidence  that  it  is  a  ctimhustiM''  liquid,  a  compressed  gas,  cxpkrsivc,  flammaMc 
or  organic  peroxide,  an  oxidi/er,  pyropht.ric  unstable  (reactive)  or  water  reactive."  Thus,  the  Title 
III  Section  .^1 1  definition  of  a  "hazardous  material"  extends  beyond  that  for  an  "Extremely  Hazardous 
Suh>tance"  given  in  Section  302  since  it  al.so  includes  physical  hazards  in  addition  to  health  hazards. 

.Material  Safety  Data  Sheets  are  available  from  the  manufacturer  of  each  hazardous  chemical 
in  accordance  with  the  OSH  Act.  They  are  also  available  from  the  sources  listed  in  Table  32.’’^ 
The  Information  Research  and  Analysis  Section  of  Oak  Ridge  National  Laboratory  has  developed 
a  computerized  information  system  for  MSDS  in  conjunction  with  Martin  Marietta  Energy  Systems, 
Inc.  Approximately  14(X1  MSDSs  have  been  prepared  for  chemicals  in  use  at  Energy  Systems 
installations.  Although  the  system  is  intended  for  use  by  Energy  Systems  employees  authorized  users 
can  access  it  using  off-site  modems.'" 


14.7.1.3  The  .MEDLARS  Data  Base 

The  National  Librarv  of  Medicine's  MEDLARS  Data  Ba.ses  contain  several  valuable  information 
sources  concerning  toxic  substances.''^  They  include  the  following: 

1.  CHEMLrNE  -  An  on-line  interactive  dictionary  of  chemical  substances  which  provides 
information  on  over  650, (XK)  chemical  substances.  It  contains  CAS  Registry  Numbers,  molecular 
ft'rmulas,  and  other  data  that  assist  in  locating  additional  information  in  other  MEDLARS  files. 

2.  RTECS  (Registry  of  Toxic  EffccLs  of  Chemical  Substances)  -  This  file  currently  contains 
toxiciiv  data  for  more  than  7(),(KK)  substances  and  is  an  on-line  version  of  the  National  Institute  for 
Occupational  Safety  and  Health’s  (NIOSH’s)  annual  compilation  of  substances  with  toxic  activity. 
The  information  in  RTECS  is  structured  around  chemical  substances  with  >oxic  action,  and,  thus, 
provides  a  single  source  for  basic  toxicity  information.  Also  included  in  RTECS  are  threshold  limit 
values,  air  standards,  NTP  carcinogenic  review  information,  status  under  various  federal  regulations, 
compound  classification,  and  NIOSH  Criteria  Document  availability.  The  file  can  be  searched  by 
chemical  identifiers,  type  of  effect,  or  other  criteriti. 
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3.  TOXNETT  (Toxicology  Data  Network)  -  TOXNET  is  a  computerized  system  of 
toxicidogically-oriented  data  banks  operated  by  the  National  Library  of  Medicine  as  part  of  the 
MEDLARS  system.  This  minicomputer-based  system  includes  a  variety  of  modules  u.sed  by  NLM 
to  build  and  review  records.  For  outside  u.scrs,  TOXNET  offers  a  .search-and-retrieval  package, 
which  permits  efficient  access  to  valuable  data,  drawn  from  numerous  sources,  on  toxic  and 
otherwise  hazardous  chemicals.  Currently  operating  on  TOXNET  are  the  following  files: 

CCRIS  (Chemical  Carcinogenesis  Research  Information  System)  -  CCRIS  is  a  scientifically 
evaluated  data  bank,  developed  and  maintained  by  the  National  Cancer  Institute  (NCI), 
that  cemtains  carcinogenicity,  tumor  promotion,  and  mutagenicity  test  results.  The  data 
are  derived  from  a  set  of  core  sources  plus  primary  journals  and  special  reports. 
Organized  by  chemical  name,  the  file  currently  contains  some  1200  records. 

USDS  (Hazardous  Substances  Data  Bank)  -  HSDB  is  a  scientifically  reviewed  and  edited 
data  bank  containing  toxicological  information  enhanced  with  additional  data  related  to 
the  environment,  emergency  situations,  and  regulatory  issues.  The  data  are  derived  from 
a  variety  of  publications,  including  government  documents  and  special  reports.  Organized 
by  chemical  name,  the  file  contains  over  4UK)  records. 

14.7.1.4  CHRIS  Hazardous  Chemical  Data 

The  Chemicals  Hazards  Response  Information  System  (CHRIS)  was  developed  to  provide 
information  for  decision-making  by  U.S.  Coast  Guard  personnel  during  emergencies  that  occur 
during  the  water  transportation  of  hazardous  chemicals.'”  The  Hazardous  Chemical  Data 
compilation  lists  the  specific  chemical,  physical,  and  biological  data  needed  to  assess  hazards  in  the 
calculation  procedures  developed  for  CHRIS.  Each  chemical  is  listed  separately,  along  with  its 
chemical  and  physical  properties,  its  topic,  flammable  water  pollution,  its  reactivity  properties,  the 
response  procedures  recommended  during  a  release,  shipping  information,  and  chemical  designations. 
Both  health  and  physical  hazards  are  listed. 


14.7.1,5  Ass(x~iati(in  tM'  American  Railroads,  Burc^iu  nf  Explosives  Data  Base 


The  Bureau  erf  E.xpldsives  ef  ihe  .-V'-soeiation  i)f  Amenean  Railroads  has  published  a 
comprehensive  dala  base  for  use  in  surface  (ransporiaiion  apphealions.'*''  The  information  is 
primarily  directed  toward  recommendations  for  response  to  releases  (h  na,  mats  from  railroad 
vehicles.  Methods  for  controlling  fires,  preventing  fires,  personnel  protection,  area  evacuation,  and 
environmental  considerations  are  included  lor  each  material  listed.  General  rules  tor  response  tv) 
the  materials  in  each  type  of  DOT  Hazard  Classification  are  also  presented. 

14.7.1,6  Fire  Prevention  Guide  on  Hazardous  Materials 

The  National  Fire  Protection  .Association  (NFP.A)  has  prepared  an  information  guide  on  the 
hazardous  prvtperties  of  industrial  chemicals  for  those  using  the  chemicals  and  for  those  confronted 
with  emergencies  involving  them.  The  individual  N'FPA  documents  that  make  up  the  manual 
include  the  following: 

1.  FIRE  HAZARD  PROPERTIES  OF  FLAMMABLE  LIQUIDS,  GASES.  AND 
VOLATILE  SOLIDS  (N'FPA  .425M) 

The  fire  hazard  properties  of  more  than  1.4()()  Hammable  substances  are  listed 
alphabetically  by  chemical  name.  The  values  elected  are  representative  figures  suitable 
for  general  use.  Hazard  Inde.v  markings  are  included  for  most  entries. 

2.  HAZARDOUS  CHEMICALS  DATA  (N’FPA  49) 

Data  are  given  for  approximately  416  chemicals  on  their  fire,  explosion,  and  toxicity 
hazards.  Recommendations  on  storage  and  firefighting.  Hazard  Index  markings  for  all 
entries.  Chemicals  arranged  alphabetically  by  names  and  synonyms. 

.4,  MANUAL  OF  HAZARDOUS  CHEMICAL  REACTIONS  (N'FPA  491M) 

Includes  .4550  mixtures  of  two  or  more  chemicals  reported  to  be  potentially  dangerous 
in  that  they  may  cause  fires,  explosions,  or  detonations  at  ordinary  or  moderately  elevated 
temperatures.  zXrranged  alphabetically  by  chemical  n;ime.  Rea.ctions  referenced. 


4.  RECOMMENDED  SYSTEM  FOR  THE  IDENTIFICATION  OF  THE  FIRE 
HAZARDS  OF  MATERIALS  (NFPA  704) 

This  identification  system  simplifies  determining  the  degree  of  health,  flammability,  and 
reactivity  hazard  of  materials.  The  system  also  permits  identification  of  reactivity  with 
water,  radioactivity  hazards,  and  fire  control  problems. 

The  Hazard  Index  marking  refers  to  a  suggested  hazard  identification  marking  system  which 
informs  of  the  general  hazards  as  they  relate  to  health,  flammability,  and  reactivity  hazards.  In 
addition,  the  marking  also  indicates  unusual  reactivity  with  water  to  alert  firefighting  personnel  to 
possible  risks.  The  marking  system  is  de.scribed  in  NFPA  704  referenced  above. 

14.7.2  Historical  Data  on  Hazmat  Incidents 

Historical  data  can  be  very  valuable  for  planning  purposes  when  evaluating  the  probabilities  and 
consequences  of  hazardous  materials  accidents,  particularly  for  those  materials  of  interest  to  the 
local  planning  committees.  Tabulations  of  prior  accidents  for  each  hazmat  can  also  serve  as  an 
initial  point  of  reference  when  more  in-depth  information  concerning  a  particular  event  is  required. 
The  data  bases  di.scus.scd  in  Sects.  14.7.2.1  -  14.7.2.4  have  been  developed. 

14.7.2.1  Acute  Hazardous  Events  Data  Base 

EPA  has  formed  an  Acute  Hazards  List  Workgroup  to  investigate  the  safety-related 
characteristics  of  U.S.  industry  with  regard  to  accidental  chemical  releases  that  could  pose 
exceptional  risks  to  human  health  and  to  identily  those  chemicals  which  appear  to  represent 
unusually  high  risks.  As  a  result,  the  Acute  Hazardous  Events  (AHE)  Data  Base  was  assembled.' 
The  AHE  Data  Base  was  not  constructed  to  serve  as  a  basis  for  nationwide  estimates  of  frequencies 
of  events,  quantities  released,  or  their  consequences.  Empha.sis  was  placed  on  acquiring  a  measure 
of  the  scope  of  events  rather  than  on  estimating  quantities  precisely  or  frequencies  of  releases. 
Incidents  that  involved  death  or  injury  were  given  highest  priority.  EPA  further  directed  that 
priority  be  given  to  incidents  involving  chemicals  released  into  air. 

The  AHE  Data  Base  indicated  that  four  high-volume  industrial  inorganic  chemicals  (chlorine. 


ammonia,  hvdrochloric  acid,  and  sulfuric  acid)  together  were  reported  to  have  been  released  in  over 
25' ;  of  the  events  recording  human  casualties.  Neither  great  quantity  nor  high  inherent  toxicity 
alone  produced  the  condition.s  for  human  casualties.  When  the  characteristics  of  the  relea.scd 
substances  are  examined,  toxicity  appears  to  be  the  cause  of  most  of  the  injuries  recorded,  while 
llammability  and  explosivity  were  the  mechanisms  associated  with  most  of  the  fatalities  in  the  data 
base. 

For  events  reporting  quantity  released,  the  quantities  approximated  a  log  normal  distribution. 
The  amounts  released  exceeded  KKK)  lb  for  over  of  the  rea^rded  events.  Releases  over  100, OtX) 
pounds  occurred  in  less  than  of  the  event.s,  but  these  events  account  for  9,1%  of  the  total 
quantity  of  materials  released.  More  than  80%  of  the  events  in  the  data  ba.se  reported  that  at  least 
one  of  the  substances  released  was  a  liquid;  16%-  of  the  events  involved  the  release  of  a  gas. 

14.7,2.2  Hazardous  Materials  Information  System 

By  law,  the  Research  and  Special  Programs  Administration  (RSPA)  of  DOT  must  report  to 
Congress  annually  on  the  safety  of  hazardous  materials  transportation.  This  requirement,  at  a 
minimum,  necessitates  good  records  of  hazardous  materials  accidents  and  spills. 

Hazardous  materials  incidents  or  releases,  defined  as  any  unintentional  release  during  interstate 
transportation,  loading,  unloading,  or  temporary  storage  related  to  transportation,  must  be  reported 
to  RSPA  in  writing  within  15  d.  The  written  reports  serve  as  the  basis  for  the  Hazardous  Materials 
Information  System  (HMIS),  which  is  the  sole  DOT  data  base  that  specifically  records  information 
on  releases,  casualties,  associated  damages,  and  related  information  on  the  material,  container,  cau.se, 
and  locatitm  of  the  relca.se. 

Numerous  modal  hazardous  materials  rclca.se  and  accident  reporting  systems  had  been 
developed  prior  to  1971,  when  HMIS  became  the  official  recordkeeping  system  for  release  data. 
The  U  S.  Orast  Guard,  the  National  Highway  Traffic  Safety  Administration,  the  Federal  Railroad 
Administration  (FRA),  and  the  Bureau  of  Motor  Carrier  Safety  (BMCS)  continue  to  require  reports 
of  modal  accidents.  The  Coast  Guard  reporting  requirements  arc  particularly  extensive,  and  most 
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v.atcr  releases  arc  reported  to  the  v^oast  Guard  system. 

Although  reporting  relea.ses  is  a  regulatory'  requirement,  the  Office  of  Technology  Assessment 
(OT.A)  found  evidence  that  the  compliance  rate  is  low.-'  To  assess  the  completeness  and  accuracy 
of  the  H.VIIS,  OTA  contractors  compared  it  with  relevant  federal  modal  data  bases,  the  National 
Transportation  Safety  Board  (NTSB)  data,  and  state  data  collections.  All  of  these  resources  are 
available  to  DOT,  with  many  of  them  housed  at  the  Transportation  System  Center  (TSC).  The 
comparisons  showed  that  for  air  and  marine  transport,  the  number  of  releases  is  underrepresented 
in  the  HMIS  by  factors  of  10  and  20,  respectively.  For  rail  and  interstate  highway  transport,  the 
number  of  releases  is  underrepresented  by  factors  of  3  and  at  least  2,  respectively. 

14.7.2.3  National  Response  Center  Data  Base 

L'nder  the  Comprehensive  Environmental  Response.  Compensation,  and  Liability  Act  of  1950 
(CERCLA)  and  SARA  Title  III,  the  releases  of  hazardous  materials  above  certain  specified 
quantities  must  be  reported  to  the  National  Response  Center  (NRC)  in  Washington,  D.C.  The 
NRC,  operated  by  the  U.S.  Coast  Guard,  handles  the  reporting  of  all  significant  hazardous  materials 
Spills  under  agreement  with  DOT  and  EPA.  The  reports  must  be  made  by  telephone  immediately 
after  the  release  and  by  written  notice  as  soon  as  practicable  after  the  release.  The  written  reports 
are  used  as  the  basis  for  the  NRC  data  ba.se,  which  includes  incidents,  casualties,  as.sociated 
damages,  and  a  multitude  of  descriptors  related  to  the  materials  released,  containers,  cau.se,  and 
location  of  the  release.  Although  reporting  relea.ses  is  a  regulatory  requirement,  OTA  found  that 
the  compliance  is  quite  low.-'  EPA  uses  the  NRC  reports,  in  addition  to  spills  reported  to  its 
regional  offices  and  other  sources  to  formulate  regulatory  polity. 

14.7.2.4  .Material  Flow  Data  Base 

As  a  result  of  the  problems  inherent  in  the  collection  of  hazardous  material  flow  data,  the 
Commodity  Transportation  Survey  (CTS)  is  the  only  federal  multimodal  data  base  available.  Other 
organizations,  such  as  state  and  local  governments,  normally  do  not  collect  similar  information. 


However,  separate,  relatively  complete  data  bases  are  available  for  tail  and  marine  transport. 
Becau.se  the  sample  waybill  data  collected  bv  the  Interstate  Commerce  Commission  (ICC)  has 
recently  been  incrca.sed,  it  has  been  adequate  for  determining  flows  of  commodities  by  rail. 
Additionally,  although  costly  and  difficult  to  obtain,  the  proprietary  TRAIN  11  data,  kept  by  the 
.Association  of  American  Railroads  (AAR),  provides  much  more  complete  information  representing 
data  on  at  least  80'T  of  the  rail  shipments. 

CTS  data  for  truck  and  air  shipments  arc  much  less  helpful  than  the  railroad  data.  Data  from 
the  Bureau  of  Census  and  the  Federal  Highway  Administration's  Bureau  of  Motor  Carrier  Safety 
(BMCS)  provide  some  useful  information. 

The  OTA  study  concluded  that,  although  no  federal  resource  can  proside  shipment  and 
materials  flow  information  with  the  specificity  required  for  state  and  local  planning  needs,  the 
annual  DOT  summaries  of  aggregate  regional  shipments  can  provide  u.seful  regional  and  state 
commodity  flow  information.  TTtey  also  indicate  that  the  locally  conducted  collection  of  data 
concerning  hazmat  facilities  and  transport  is  very  valuable  for  planning  purposes  and  has  the 
additional  benefit  of  enlightening  the  concerned  personnel  on  the  local  hazardous  materials 
problems.-' 

14.8  COMMUNITY  AND  FACILITY  PLANNING  FOR  TOXIC  CHEMICAL  EMERGENCIES 

Probably  one  of  the  most  important  aspects  of  emergency  response  mitigation  is  concerned  with 
the  planning  for  possible  events  at  various  levels  of  government  (federal/state  and  local).  Past 
experiences  have  demonstrated  that  poor  or  inadequate  planning  for  haz.mat  emergencies  has  led 
to  dLsastrous  consequences  in  terms  of  lives  lost,  injuries  sustained,  and  property  damage.  The 
disaster  at  Waverly,  Tennessee,  in  1978,  where  an  ineffective  evacuation  was  attempted  is  a  good 
example.’  After  the  Bhopal  disaster,  it  became  very  apparent  that  adequate  planning  is  essential, 
and  as  a  result,  several  federal  and  private  organizations  have  developed  guidance  documents  for 
community  planning. 

Community  planning  was  entirely  voluntary  prior  to  the  Superfund  Amendments  and 


23S 


ivi'auihori/;.  ion  Act  of  19So  (SARA),  hut  with  its  advent.  Congress  mandated  the  establishment 
v>i  state  emergency  response  commissions,  emergency  planning  districts,  and  local  emergency 
[ilanning  committees.  The  local  emergency  planning  committees  must  include  representatives  of: 

(  1 )  state  and  local  officials;  (2)  law  enforcement,  civil  defense,  firefighting,  health,  environmental 
•Hid  transportation  personnel;  (3)  media  personnel;  (4)  community  groups;  and  (5)  reprc.sentatives 
o!  facilities  who  produce,  store,  or  consume  hazardous  materials  subject  to  SARA,  Title  III 
requirements.  Facilities  subject  to  SARA,  Title  Ill  are  also  subject  to  the  emergency  planning 
requirements.  Other  regulations  that  require  emergency  contingency  planning  include  the  Resource 
Conservation  and  Recovery  Act  (for  hazardous  waste  producers),  the  FEMA  Emergency  Operations 
t'l.in  (ftir  states  and  local  governments  receiving  funding  from  this  plan),  OSHA  regulations  (for 
operators  involved  in  hazardous  waste  operations),  and  individual  laws  and  regulations  currently  in 
force  in  many  states.’" 

Many  guides,  planning  procedure  handbooks,  and  reports  of  planning  projects  have  been 
developed  under  the  sponsorship  of  the  federal  government,  industrial  trade  organizations,  and 
private  engineering  organizations.  To  attempt  a  review  of  these  systems  is  beyond  the  scope  of  this 
study;  therefore,  a  brief  description  will  be  included  of  a  group  made  available  to  ORNL.  The 
various  features  of  these  planning  systems  arc  compared. 

14.iS.  1  National  Rcspon.se  Team's  "Hazardous  Materials  Emergcnc~v  Plannine  Guide" 

This  planning  guide  was  developed  as  a  cooperative  effort  of  the  14  federal  agency  members 
of  the  National  Response  Team  to  comply  with  Section  303(1)  of  SARA,  Title  III  (13).  It  replaces 
the  guide  devclcaped  by  FEMA,  usually  referred  to  as  FEMA-10.  It  includes  the  following  sections 
concerned  with  developing  emergency  community  plans; 

1.  ^electing  and  organizing  the  planning  team, 

2  tasks  of  the  planning  team, 
s  developing  the  plan, 

4  ha./nial  pitinning  elements,  tind 


5.  plan  appraisal  and  continued  planning. 

This  document  is  recommended  as  the  basic  text  for  implementation  of  community  planning 
for  chemical  emergencies. 

14.8.2  FEMA’s  Integrated  Emergency  Management  System 

FEMA’s  "Guide  for  Development  of  State  and  Local  Emergency  Operations  Plans"  (CPG  1-8) 
provides  information  for  cmcrgcnc-y  management  planners  and  for  state  and  local  governmen? 
officials  about  FEMA's  concept  of  emergency  operations  planning  under  the  Integrated  Emergency 
Management  System  (lEMS).  lEMS  emphasizes  the  integration  of  planning  to  provide  for  all 
hazards  discovered  in  a  community’s  hazards  identification  process.  CPG  1-8  provides  extensive 
guidance  in  the  coordination,  development,  review,  validation,  and  revision  of  EOPs  (see  Sect.  14.2). 

This  guide  for  hazardous  materials  emergency  planning  is  deliberately  meant  to  complement 
CPG  1-8.  Chapter  4  describes  how  a  community  can  incorporate  hazardous  materials  planning  into 
an  existing  multihazard  EOP  or  how  it  can  develop  a  multihazard  EOP  while  addressing  possible 
hazardous  materials  incidents.  In  either  case,  communities  should  obtain  a  copy  of  CPG  1-8  from 
FEMA  and  follow  its  guidance  carefully.  All  communities,  even  those  with  sophisticated 
multihazard  EOPs,  should  consult  Chap.  5  of  this  guide  to  ensure  adequate  consideration  of 
hazardous  materials  i.ssues. 

14.8.3  EPA’s  Chemical  Emergency  Preparedness  Program 

In  June  1985,  EPA  announced  a  comprehensive  strategy  to  deal  with  planning  for  the  problem 
of  toxics  released  to  the  air.  One  section  of  this  strategy,  the  Chemical  Emergency  Preparedness 
Program  (CEPP),  was  designed  to  address  accidental  releases  of  acutely  toxic  chemicals.®  This 
program  has  two  goals:  to  increase  community  awareness  of  chemical  haz.ards  and  to  enhance  state 
and  local  emergency  planning  for  dealing  with  chemical  accidents.  Many  of  the  CEPP  goals  and 
objectives  arc  included  in  Title  Ill  of  SARA.  EPA’s  CEPP  materials  (including  technical  guidance. 
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criicna  lor  idcntilMne  extremely  hazardous  suhstanees.  chemieal  profiles,  and  lists)  arc  designed  to 
complement  this  guidance  and  to  help  ertmmuniiies  perform  hazards  identification  and  analysis. 

A  recent  addition  to  the  CEPP  includes  a  document  entitled  "Site  Specific  Technical  Guidance 
for  Hazard  AnaKsis:  Emergency  Planning  htr  Extremely  Hazardous  Substances". The  purpose  of 
this  guide  is  to  help  emergency  planner,',  conduct  a  hazards  analysis  for  airborne  releases  of 
cxiremeK  hazardous  substances.  A  hazards  analysis  helps  to  define  potential  problems  and  screes 
as  the  fi'undation  of  planning  and  prevention  efforts.  (See  Sect.  1..4  for  a  definition  and  brief 
description  of  "hazards  analysis.")  VK'hile  this  guide  can  be  useful  to  all  community  and  industry 
['lanners.  it  is  intended  especialK  for  local  emergencx  planning  committees  (LEPCs)  established 
under  the  proMsioris  of  Title  Hi  of  SAR.A.  This  document  represents  a  joint  effort  by  EPA.  FEMA, 
and  the  Department  ol  Transportation  (DOT)  to  pnrvide  c(M>rdinated.  cirherent  technical  guidance 
to  aid  LEPCs  in  meeting  SAR.A  statutory  recjuirements. 

14.S.4  DOT  Rept'rls  and  Guides 

The  L’.S  DOT'S  "Community  Teannvork"  is  a  guide  to  help  local  communities  develop  a 
cost-effective  hazardous  materials  transp/ortation  safety  program.  It  discusses  hazards  assessment  and 
risk  analysis,  the  development  of  an  emergency  plan,  enforcement,  training,  and  legal  authority  for 
planning.  Communities  preparing  an  emergency  plan  for  transportation-related  hazards  might  use 
"Community  Teamwork"  in  conjunction  with  other  guid‘*s 

"Lessons  Learned"''  is  a  report  on  seven  hazardous  materials  safety  planning  projects  funded 
by  DOT.  The  projects  included  local  plans  for  Memphis,  Indianapolis,  New  Orleans,  and  Niagara 
County,  Nev.  York;  regional  plans  for  Puget  Sound  :ind  the  Oakland 'San  Francisco  Bay  area;  and 
a  state  plan  for  .Massachusetts.  The  "Lessons  Learned"  report  synthesizes  the  actual  experiences  of 
these  projects  during  each  phase  of  the  planning  prcKcss.  A  major  conclusion  of  this  study  was 
that  local  political  leadership  and  support  from  both  the  executixe  and  legislatixe  branches  arc 
important  factors  throughout  the  planning  process. 

DO  T  has  also  published  a  four-xulume  guide  for  small  towns  and  rural  areas  to  use  in  writing 
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a  hazardous  materials  cmcritcna  plan.  DOTs  ('hjcctiscs  were  to  alert  officials  of  thrrse 
et'mmunities  to  the  threat  to  life,  property.  ;tnd  the  environment  from  the  transportation  of 
hazardous  materials  and  to  prov  ide  simplified  euidanee  for  those  with  little  or  no  technical  expertise. 
Titles  of  the  volumes  are:  "Volume  1,  A  Community  Model  fttr  Handling  Hazardous  Materials 
I'ransportation  Emergencies”;  "Volume  II,  Risk  Assessment  Users’  Manual  for  Small  Communities 
and  Rural  Areas";  "Volume  III,  Risk  Assessment  V'ulnerahility  .Model  Validation";  and  "Volume  IV, 
Manual  for  Small  Towns  and  Rural  Areas  to  DeveUvp  a  Hazardttus  Materials  Emergency  Plan." 

14.. 5.5  Chemical  Manutacturers  Associatitm’s  Community  Awareness 

and  Emeruenev  Respimse  Prtntnim  (CMACAER) 

The  Chemical  .M.inufacturers  Association’s  (CMAs)  Community  Awareness  and  Emergency 
Response  (CAER)  program  encourages  chemical  plant  managers  to  take  the  initiative  in  cooperating 
with  local  communities  to  develop  integrated  emergency  plans  for  responding  to  hazardous  materials 
incidents.'"  Because  cnemicai  industiy  representatives  can  be  especially  knowledgeable  during  the 
planning  process,  and  because  many  chemical  plant  officials  arc  willing  and  able  to  share  equipment 
and  personnel  during  response  operations,  community  planners  should  seek  out  local  CMACAER 
participants.  Even  if  no  such  local  initiative  is  in  place,  community  planners  can  approach  chemical 
plant  managers  or  contact  CMA  and  ask  for  assistance  in  the  spirit  of  the  CAER  program. 

14.. 5.6  .AlChE  Emereenev  Plannini;  Trainine 

The  American  Institute  of  Chemical  Engineers  (AIChE)  ofiers  a  course  directed  toward 
chemical  plant  safety  personnel  entitled  "Emergency  Response  Planning  for  Fi.xed  Chemical 
Facilities."'''  The  course  is  offered  at  each  of  the  frtur  AIChE  meetings  as  part  of  their  "AIChE 
Today  Series.”  Included  in  the  curriculum  arc  topics  covering 

1.  chemical  emergency  planning  philosophy, 

2.  organizing  for  emergency  preptiredness, 

.4.  planning  lor  emergencies, 

4.  examples  of  proper  planning  ;ind  response  actions,  and 
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I'.  criKreciKv  ic'-piui-'C  "l.ihk'-li'p"  i-xcrci 'C. 

‘ ~  k''HMiii.ifii  Ot<4; ini/ali('ri^  Olkriii'.:  }4iK~ri;cn>.’\  FManniiii: 

There  are  \aruui'.  inJii'-irial  eon-'Ullini!  I'rpanj/aiions  ihai  oiler  emerirency  planning  assistance 
!o  si.ue,  UKal,  and  eticniical  plant  processing  contmittees.  Table  24  presents  a  partial  list  of  these 
organi/aiii'ns.  The  lielel  n  eurrenth  expanding  vert,  r;i[Mdlv;  thus,  our  list  is  necessarily  incomplete. 
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15  NHW  n-CHNlCAl.  APPROACHES 

As  j  result  ot  the  Bhopal  disaster  in  novel  approaches  are  under  investigation  along  with 

improcements  in  existing  teehnologv.  The  advent  of  SARA  Title  Ill  has  resulted  in  significant 
increases  in  development  funding,  particularly  in  the  area  of  mtmitoring  devices.’ 

15.1  PREVENTION  OF  CHE.MICAL  .ACCIDENTS 

Increased  emphttsis  has  been  placed  recentlv  on  the  technical  aspects  involved  in  the  prevention 
of  chemical  accidents  and  the  interaction  between  the  prevention  and  the  emergency  response 
as[iects.  Both  the  federal  government  and  private  industry  have  'seen  involved.  L.  Thomas,  ihe  EPA 
Administrator,  emphasi/ed  this  recentlv:  ".As  we  have  dealt  with  the  L'.S.  effort  during  the  hist 
couple  of  vears,  we  narticularlv  tried  to  locus  on  prevention.  As  we  look  at  this  area,  you  lind  there 
are  multiple  causative  factors  for  ehemieai  accidents.  .  .destgn  factors,  human  factors,  and  many 
others,  all  associated  as  causative  factors  for  chemical  accidents, 

,A  review  ol  new  and  propiivcd  teehtiic,d  appro, lehes  in  the  area  ol  prevention  addressed  below' 
includes: 

1.  human  factors  for  aeeivlent  prevention, 

2,  prevention  at  vhemic.il  production  and  stor.igc  f.ie, titles, 

.V.  prevention  through  education  and  vcrulicalton,  and 

4,  communiiv  aw.irencss  programs. 

1  5 . 1 . 1  Human  F-aclors  in  .Acv  idcni  Prevention 

Ihe  prime  research  need  proposed  for  the  area  of  human  factors  as  applied  to  accident 
priveniii'n  ,it  chemival  pl.mt'  o  the  ,ipplicaiion  ol  proven  anaivtical  lechnic|ues  to  identity  the 
potential  lor  hutii.in  errors  and  the  tekiiive  vonltibulion  ol  these  errors  to  the  irublic  risk.  ' 
Isvlinival  stall-  in  theinival  oriMm/.iti.m-  u-ii.dlv  do  tiol  iiivluvlc  human  lactor  experts;  their 
involveiiiicnt  should  result  in  ['tovess  v.-ienis  ami  provcvlures  ih.ii  one  signiiK.intlv  impnwc  with 
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respect  to  reliable  k'peraiion  and  the  preventiim  of  chemical  disasters.  To  avoid  potential  accidents 
m  chemical  process  plants,  human  factors  must  he  incorprrraied  in  all  phases  of  plant  design  and 
viperatiim  and  tnust  be  systematicalK  included  in  *11  risk  assessments  performed  on  the  facility. 
Justification  for  this  may  be  found  in  the  historical  records,  which  indicate  that  fevser  than  5()'^r  of 
the  accidents  in  chemical  plants  were  caused  by  equipment  failure.  Although  the  reeord  indieates 
that  about  11.4';  were  due  to  operator  error,  the  "unknown"  causes  are  indicated  at  21. 5';,  which 
certainly  includes  many  failures  due  to  human  faetors.' 

Bell  stated  that  it  is  feasible  to  identify  those  human  errors  which  will  impact  plant 
performance,  to  assess  the  likelihood  of  ihoce  errors  and  to  evaluate  their  effects  both  on  and  off 
the  plant  site,"'  Identification  oi  human  errors  inciiKes  a  review  of  past  plant  records  to  determine 
the  types  of  errors  and  the  circum-'tances  under  which  they  occurred.  When  such  recitrds  are  not 
available,  detailed  task-analysis  techniques  can  be  utilized  to  identify  and  describe  the  human  tasks 
required  by  the  process  syciem  and  to  determine  how  the  performance  of  these  tasks  under  both 
norma!  and  emergency  situations  impacts  on  the  overall  operation  of  the  plant.  Task  analysis 
information  can  be  obtained  by  several  methods,  including  job  performance  reviews,  interviews, 
questionnaires,  and  design  reviews.  It  can  also  be  developed  by  actual  performance  of  the  task 
bv  experienced  anaivsts. 

Evaluation  of  human  performance  and  the  effects  of  human  errors  on  plant  operating  systems 
involves  combining  the  information  from  the  task  analysis  with  psvchological  and  physiological 
models  of  human  performance.  The  results  are  a  description  of  what  c;in  he  expected  of  average 
operating  personnel  under  a  number  of  circumstances.  'ITicsc  range  from  normal  operations  to 
m.iinicnance,  trouble-shooting,  accident  response,  and  emergency  response.  Results  of  the  human 
vrroi  evaluation  can  he  of  a  qualitative  nature  (descriptive  analysis  of  the  tasks,  comparison  of 
options  for  performing  the  tasks,  a  ranking  ol  options  under  consideration,  etc.),  a  quantitative 
nature  where  quantified  crri'r-prob.ibifiiv  estimates  are  developed,  or  both  a  qualitative  and  a 
quantitative  nature.  Quant it.ilive  estimates  can  be  utilized  as  a  necessary  input  to  comprehensive 
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l.iciliiv  ri'k  :l^''C■'snlc^I  such  lauli-licc  anaUsis.  [hwc'.cr,  Ihc  value  of  qualitative  results  lies  in 
i'K  relative  valtivs  vvtien  eeinpansi ui  is  made  between  vtirious  tasks  rather  than  in  their  absolute 
values,  which  are  elten  suspLci  due  to  insuHieient  input  data  for  mi'st  human  error  situations. 

Assist, mec  to  plant  operators  and  other  jiersv'nnel  during  ('ther  than  normal  plant  operations 
win  bs  eileeied  ihrouph  an  expert  s\siem  eimipuiet  proeram.  "  This  proeram,  ntimed  "Plant  Risk 
'status  Inh'rmatton  Maiiapemenl  Svsiem"  (PRISM),  is  capable  of  deierniininp  an  appropriate 
response  to  a  civen  plant  status,  ineludine  abneumal  situations  when  key  phint  eompi'nents  are  out 
a  service,  IJentilic.ition  b\  lire  user  ol  the  coinpi'nents  that  are  I'ut  of  service  prompts  an 
.  sti-i'.iiion  cl  Ihc  iPerease  m  plant  rok  over  the  .iverairc  pkini  risk  diirine  normal  operation.  This 
s'tables  ihe  operator  ti.i  take  prompt  coircetivc  action  when  relatively  unsale  conditions  are 
mdisaied.  M'lC  [vroat.tm  tilso  develops  and  ranks  accident  scen.tiios  etmcurrenilv  in  order  to  identifv 
.[I'le.il  operator  errors  and  we.ik  links  m  the  svsiem.  \khen  a  known  process  abnormality  occurs, 
the  oja  rators  c.m  use  t'RISM  to  idcniilv  ihe  corrective  entetareiK'y  procedures;  and  when  upsets  of 
unknown  oricin  occur,  the  operators  can  duiettose  tlie  problent  and  obtain  the  corrective  actitwr  frcim 
'he  program  It  o  el.unied  ih.ii  this  pio.jr.im  can  be  elfcctive  in  trainine  personnel  for  off-normal 
cvenis  e.in  serve  ,ts  ,i  v.du.ible  loid  loi  respim'C  'o  upsets  durini;  iK'rmal  ojieralions. 

1"  i.J  Preven'ioai  at  Chcmieal  ProdiKiion  .md  Sior.iae-  I  aeililics 

I  he  j'reveniion  of  hazardous  ehemicai  reie.tses  and  .icridenis  must  beuin  at  the  source  ol  the 
h  i/.trds  the  [uoeluetion  .im.l  siortipe  l.i.ilities  that  proeess,  pioduce.  and  store  the  dtinpcrous 
..he  inie.iis,  !  ran-poriation  musi  also  be  tmludecl  ,tnd  is  considered  ,is  a  separate  topic, 
f  on  ,|.,|e ;  a!  I'ti  ol  pieve  HI  ion  I  ca  Hi  res  tall  be  eliv  idcd  into  two  areas  ol  ennce  rn;  prevent  ion  at  exist  me 
l.ui'.iies  .mil  nitlu'ion  ol  .ulequ.iie  saleiv  provisions  vluiine  Ihe  de'sien,  insi, illation,  and  si.irtup  td 
iiew  i.ieiliiRs  ,nid  .lelel  1 1  ii >ns  toexisline  pi. nils,  M.mv  ol  the  couniermeasures  such  .is  the  lok  ;inalysis 
protttlurcs  ttieniioiud  below  will  be  eommon  to  bi'lh.  The  eouniernu  asures  that  Ihe  aretis  have 
III  eommon  will  bt  diseussed  lirsi,  lollowed  bv  a  review  ot  spewilK  |ironcluies  th.il  h.ive  been 
ri  eimmie  mil  •!  diinni'  the  desinn.  iiisiidl.iiioti,  and  si.itiup  |ih.ise  s  ol  new  pi, mis 
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Tlic  need  for  prevention  prc'eramN  at  existing  facilities  at  chemical  plants  was  emphasized  hy 
Caputo,  ''  who  deserihed  the  following  factors  that  could  contribute  to  increase  in  hazmat  events 
in  the  L'nited  States: 

1.  The  average  age  of  the  facilities  has  been  increasing  due  to  the  high  cost  and  lack  of  capital 
for  replacement  plants.  Current  plants  are  subject  to  deterioration  and  potential  increases  in 
equipment  failure. 

2  Reductions  in  the  numbers  of  highly  trained  and  experienced  senior  personnel  due  to  layoffs 
and  early  retirement  programs. 

V  Increased  competition  from  lower-cost  imported  products  and  a  worldwide  surplus  of  capacity 
have  decreased  the  investment  in  current  phini  improvements  as  well  as  the  employment  of 
additional  manpower. 

.Although  It  has  been  demonstrated  that  the  cost  of  safe  operation  of  chemical  plants  pays  for 
iiself  (India  is  suing  L'nion  Carbide  for  S.7..7  billion  in  connection  with  the  Bhopal  disaster  in 
l'j.s4 cc'nsideration  of  the  trade-offs  between  closing  a  plant  and  investing  additional  capital  in 
salety  may  lead  to  decisions  that  select  the  most  expedient  solutions  to  the  problem. 

I.'.  1.2.1  Plant  Risk  Analysis 

As  discussed  in  Sect,  4.5,  plant  risk  analvsis  is  probably  one  of  the  most  important  methods  for 
the  prevention  of  ticcidents  involving  the  release  of  hazardous  mtiterials.  The  initial  step  invtrlvcs 
identification  and  establishment  of  the  credible  sources  of  hazards  in  the  prrrccss  or  storage  facility. 
F?v  emploving  the  knowledge  base  of  physical,  chemical,  and  toxic  properties  of  the  materials  used 
bv  or  siored  at  the  facility,  a  svstemtitic  investigation  of  the  plant  will  lead  to  a  comprehensive  list 
of  potential  hazardous  events.  To  determine  the  consequences  of  these  events,  it  is  necessary  to 
examine  both  normal  and  abnormal  opertiting  conditions.  Both  single  and  multiple  failures  must 
he  included  tilong  with  situations  th;it  occur  outside  the  facility  such  as  flrrods,  seismic  activity, 
severe  weather,  and  p>)wer  hiilures.  .Methods  developed  for  hazard  identification  are  described  in 
Sect.  14  5.  They  include  HAZOP,  (  hccklists.  I'ailure  Modes  and  hffecls  Analysis,  and  the  Dirw  and 
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Mond  Indices. 

Once  the  s(iurces  of  ha/nrds  in  a  facitiiy  have  been  identified,  quantitative  mathematical  models 
can  be  developed  lor  judging  the  risks  associated  with  plant  operations  under  both  normal  and 
abni'rmal  operating  conditions.  It  is  then  necessary  to  develop  scenarios  are  developed  which  begin 
with  an  initiating  event  and  cemtinue  through  chains  of  plausible  events  to  an  end  point,  which 
identifies  the  overall  consequences  of  the  accident.  Human  factors  such  as  operator  response  to  a 
particular  situation  are  also  included.  Prob.ibilities  of  failure  at  each  step  in  the  chain  of  events  are 
assigned  this  permits  evaluation  of  the  expected  frequency  for  each  chain  in  the  scenario.  The  result 
of  this  t\pe  of  analysis  is  typically  an  estimate  of  the  total  risk,  which  is  the  product  of  the 
consequences  and  the  expected  frequency.  With  these  results,  management  of  the  facility  can  select 
plant  and  operating  iniproxements  that  achieve  the  lowest  risk  lexcls  commensurate  with  the 
resources  available.  Procedures  that  have  been  developed  for  this  type  of  analysis  are  described  in 
Sect.  1 4.5  and  include  event  trees,  fault  trees,  and  cause-consequence  analysis. 

Application  of  plant  risk  analssis  should  also  be  utilized  during  the  design,  construction,  and 
startup  of  new  facilities.  Safe  engineering  of  process  and  stiiragc  facilities  will  minimize  both  the 
probabilities  of  accidents  and  the  consequences  to  the  operating  personnel,  ihe  general  public,  and 
the  operating  system.  Caputo"'  recommends  a  comprehensne  program  applied  during  all  stages  of 
new  plant  activity,  including: 

1 .  process  c-.  !gn, 

2.  cimceptual  design. 

.V  dcttiiled  design, 

4.  preparation  of  operating  manuals,  and 

5.  pre-startup. 

C om[)rohcnsne  rexiews  at  the  completion  o|  (.-.Kh  of  these  stages  arc  ;ilso  recommended. 

1 5. 1. 2. 2  Isol.'iiion  to  Limit  Quantities  RckxisLU 

Prugh'  recommends  that  isolating  devices  be  installed  in  process  cquipmctit  to  stop  How  of 


a  leaking  lluid  t('  the  leak  p('ini  before  the  entire  inventor,  iif  eonneeted  equipment  can  he 
di'eharged.  Deviees  suggested  include  reimne-eontrolled  valves,  remote  shutdovwi  tor  pumps,  cheek 
saKes,  and  the  use  of  positise  displacement  pumps.  The  latter  type  of  pumps  can  elTectiwlv  stop 
the  How  o!  fluids  when  shut  doesn  because  of  their  installed  check  vaKes. 

Ib-l-Ts  Depressuri/ine 

In  the  e\ent  of  equipntent  leakage.  de]Messuri/ing  of  the  systetn  should  be  emploved  to  decrease 
the  leak  rate.  This  ean  be  accomplished  by  \enting  the  equipmetit,  cooling  or  remosing  sclatile 
liquids,  cooling  equipment  exposed  to  external  fires,  etc.  Q'nsideration  should  be  given  during 
the  design  phase  to  depressurizing  or  emptving  till  equipment  in  .1  plant. 

1.^.1. 2. 4  Secondary  Ccmtainttient  Systems 

■All  nucietir  reprocessing  facilities  must  install  secondary  containment  around  equipment  that 
is  used  ti'  process  hti/ardous  radioactive  chemicals.  This  includes  butldings,  shells,  01  other 
structures  that  would  effectively  seal  ott  leakage  from  the  primary  equipment  iti  case  of  tin  accident. 
The  Resource  C  onservation  and  Recovery  Act  requirements  published  on  July  14,  19, Sb,  requires  th;U 
secondary  containment  with  some  type  of  monitoring  must  be  provided  for  till  new  hti/ardous  waste 
tanks.  '  Secondary  containment  is  judged  to  be  the  only  genertilly  applicable  mecha.nism  that  will 
tillovv  detection  tind  response  to  reletises  ftxmi  h;i/;ird<nts  waste  storage  t;ink  systems  before  thev 
reach  the  groundvvtiter  and  or  surlace  wtiters. 

For  toxic  gases  and  vol.iiilc  vapors,  second, iry  conitiinment  systems  such  ;is  building  structures, 
containment  tanks,  and  containment  pipelines  must  be  vented  to  equipr"'‘nt  suitable  for  removal, 
condenstition,  destruction,  or  storage  of  the  toxic  materials,'''  Processes  th;il  ean  be  used  for  this 
include: 

1.  physical  absorption  using  a  solvent  in  which  the  material  is  soluble; 

2.  physical  adsorption  using  .m  adsorbent  such  as  activated  c<irbon.  etc.; 
condensation  of  the  vapors  to  below  their  dewpoint  using  a  cooling  svsleni; 


4.  destruction  of  organic  vapors  in  a  flare  or  incinerator; 

5.  storage  of  noneondensihle  gases  under  pressure  in  an  auxilian,  vessel;  and 

6.  transfer  of  liquids  or  eatndensed  vapors  to  auxilian,'  vessels. 

Harris  discusses  the  advantages  and  disadvantages  of  rooms  or  structures  built  around  process 
equipment  that  serve  as  double  containment  for  ha/mats  such  as  chlorine."'''  This  is  done  frequently 
in  Europe,  where  many  chemical  plants  are  built  inside  buildings  that  are  xented  directly  to  an 
exhaust  or  destruction  facility.  In  some  eases,  storage  tanks  are  also  constructed  inside  buildings. 
.Advantages  of  this  system  include  the  following: 

1.  heat  gains  from  insolation  and  wind  cilLcts  are  designed  oui  of  the  process  system.  Thus,  the 
room  can  nc  cooled,  lowering  the  vapor  pressure  of  released  materials. 

2.  The  emergency  exhaust  can  he  xented  directly  to  a  destruction  or  renitwal  facility, 

Toxic  gas  detectors  can  be  cffectixcK  used  to  monitor  and  warn  of  releases. 

4.  The  room  can  be  kept  dry  and  maintenance  standards  improved  in  many  eases. 

Potential  disadvantages  of  this  type  of  double  containment  include: 

1.  Startup  of  the  emcrgenc'y  exhaust  system  may  be  delayed. 

2.  Large  gas  releases  may  exceed  the  capacity  of  the  exhaust  system,  thus  resulting  in  failure  of 
the  containment. 

,4.  Fiiv  or  explosion  in  the  process  equipment  could  breach  the  containment  structure. 

4.  Additional  costs  may  be  incurred. 

15.1,2,5  Reduction  (T  Toxic  Material  Inxeniories 

In  considering  reductions  in  the  probabilities  of  catastrophic  toxic  materials  releases,  it  is 
apparent  that  reduction  in  the  inventories  of 'hese  materials  would  proxide  significant  improvments. 
Wade"'  indicates  that  Mimsanto  defines  the  minimum  inventories  desirable  from  a  safety  standpoint 
as  follows: 

The  minimum  safely  inventory  is  the  minimum  inxentory  ov  quantity  that  is  consistent 
with  safe,  stable  operation.  This  is  norm;illy  the  loxxest  inxenb'rx  with  xvhieh  the  process 
could  operate  without  safety  concerns. 
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CiK-  LA.ii’ij'lc  Lia'd  b\  N'- .idi'  itic  Niiirapc  of  crude  iicr\hiiiiUilc  from  a  rcai.iion  area 

;  [  ior  !o  [HirilioC !  ai  in  a  puril.^aiiv-m  aiea.  The  crude  aei^U'niirile  is  a  hazardous  eliemieal  itself, 
t  n!  m  .i.ldiiioii.  It  contains  relati\ei\  hieh  le\eN  ol  dissoKed  h\droeen  (.Aaniiie  (H('N),  I'he  reaeticm 
ai\.i  oper.iiev  itenit  lour  times  Kmcer  than  the  purifieali('n  area  before  shuidoun.  so  accumulation 
'.iko'  pl.iA  '.shell  tile  jnniti.ation  area  is  shut  down  for  niaintenanee.  Reduetion  in  this  nnenti'iA 
.10,  .iiiuii.tiii  II  s\,is  a^tiiesed  b\  oper.itmi;  the  reaction  area  throuithput  at  the  lowest  safe  rate  when 
ite  put  ilieution  area  '.sas  inoperaiise,  thus  elleetiscK  redueina  the  prr'duet  iinentore  of  the  etude 
r\  Ion  it  1 1  le.  Xn'ihe  r  e  xamide  itni'h.  e  d  lU'pi'ti.itii'.i:  with  sujipliers  of  toeie  inatei  iaN  to  ensure  tliat 
e  n'.rie's  ,ire  in.ide  onl.  when  ne'ede\i  1  his  etleeli'.ele  reduced  the  imentories  ol  r.iii  ear' 
o 'iii  iinitiL'  h,izai\|ous  niaie-nals  at  the  jilant. 

I  fw  N’ons.into  (  eunpaiVv  aiui  llereiiles,  Ine..  h;i\e  altered  the  wa\s  m  wliieh  tlieir  etiK'rme 
."■It'  t  's  ale-  'toted,  IheA  now  keep  tile'  materials  in  l.'s|i-and  .'5l)-lb  containers  rather  than  in 
I  t.' "'I  in  t.mks  III  oidei  to  minimize  tlie  ehaiiees  of  a  larne  release.  Dow  Chemical  C'ompain  had 
.,,1'  it'  '.o'tlij’.o.te  ehlofine  i/nentones  tw  dn  to  d.s'l  b\  Noeember  lw,Sf\  "  Ihee  also  ledueed  their 
■  l.o'Ceue  'iiV.e'nloi-\  ,ii  1  a  poiie.  ie\.i'.  b\  'is' .  b\  operatine  their  satellite  process  unit'  direetle 
tioin  tile  [dio'Ceiie  !  eel  unit  instead  ('I  drawing  piiosaene  Irom  sioraue.  In  oilier  eases,  the 
! t  iFi'fiortation  ol  methel  isoeA lop.iie  iiom  I'lie  plant  to  another  has  been  completely  eliminated 
1  :i ' o li !i  eli.inces  m  the  proec"  <ii  the  rescnma  plant. 

in  1  h'.'sP  lepori  I'sued  be  the  N.iiioiial  Insinute  lor  Chemical  Studies  (MCS),  the  results  from 
h.iz.irdou'  Kmie.il  in'.entor\  redm.iion  proprams  at  seeeral  chemical  plants  in  the  Kanawha 
\\  L ‘ !  \  1  r 1  [  'w ; 

Total  plant 
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T~hc  above  companies  have  in  place  a  eorprrrate  policy  endorsing  hazardous  chemical  reductions 
at  plants,  which  is  backed  up  with  specific  performance  requirements  for  company  personnel.  Each 
company  has  performed  an  in-plant  audit  of  chemical  use  and  waste  generation  and  established  cost 
accounting  systems  that  enable  management  to  determine  the  cost  of  raw  materials,  material  losses, 
and  various  inventors'  options. 

Inventories  of  the  following  hazardous  chemicals  were  reduced. 


Methvi  isocyanate 


Chlorosilancs 


Phosgene 


Hydrogen  chloride 


Chlorine 


Sulfuric  acid 


Acrolein 


Silicon  tetrachloride 


Vinvl  methvi  ether 


Mesitvl  oxide 


Acetone 


Diacetone  alcohol 


But\l  chloride 


Methanol 


Phosphorus  trichloride 

Tweisc  chemicals  that  were  judged  to  ctmstitutc  the  most  salient  potential  hazards  to 
surrounding  communities  in  the  Kanawha  Valley  of  West  Virginia  were  as  follows: 


Chlorine 


Phosphorus  tiichloride 


Bromine 


Phosphorus  oxychloride 


ffydrogen  cyanide 


Sulfur  trioxidc 


Phosgene 


Hydrogen  fluoride 


.Methvi  isocyanate 


Hydrogen  tluoridc  (anhydrous) 


Ammonia 


Hydrogen  lluoride 


riicse  compounds  were  selected  by  the  NICS  out  of  a  total  of  46  potentially  dangerous 


chemicals,  as  defined  by  ihe  EPA,  Icieated  ai  Is  Kanawha  Valley  chemical  facilities.  They  were 
chosen  as  hasing  properties  that  make  them  especially  dangerous  to  the  public  in  terms  of  their 
potential  to  form  a  tirxic  cloud  and  migrate  off-plant  into  the  surrounding  communities.  The  list 
was  reviewed  by  the  apprciprititc  phint  managers  and  discussed  with  consultants  from  Bechtel 
Natitmal,  Inc.,  independent  experts  frtmi  EPA,  and  the  American  Institute  of  Chemical  Engineers. 
All  r)f  these  chemicals  are  included  in  our  rating  system,  which  is  described  in  Sect.  17. 

15.1.2.6  Substitutes  hrr  Hazardous  Materials 

Tlie  literature  indicates  that  seceral  major  chemical  manufacturers  are  exploring  the  feasibiliiv 
ot,  or  ha\e  already  insliiuied  piogranis  lor,  substituting  less  ha/.irdous  materials  for  sonic  of  the 
eery  toxic  cl.emicals  utilized  in  or  produced  by  their  processes.  Seecral  example"  h.iee  been 
identified  by  Zanetti:*'" 

1.  Hoffmttn  la  Roche,  Nutley,  New  Jersey,  has  substituted  elhel  chloroform, ite  for  the  phosgene 
used  in  small  volume  applications. 

2.  PDG  Industries,  Chicago,  Illinois,  has  dexeloped  carbons  1  diirnid.i/olc  as  a  substitute  tor 
phosgene  in  the  syntheses  of  pharmaceutical  products.  This  substitute  is  about  1(H)  times 
more  expensive  than  phosgene. 

.7.  Bayer,  AG,  in  Vv’est  Germane  and  Belgium  h;is  substituted  several  nontoxic  solid  chemicals  for 
the  phosgene  used  in  ihe  mtinufacture  of  methyl  isocyantUe  insecticides. 

4.  Aqueous  ammonia  solutions  can  be  substituted  for  anhydrous  ammonia,  muriatic  acid  for 
anhydrirus  hydrogen  chloride,  and  wet  benzoyl  peroxide  for  dry  benzoyl  peroxide.  In  each  case 
the  solutions  are  less  hazardous  than  the  anhvdrous  material. 

5.  Ethylene  dichloride  solvent  reacted  with  sodium  hydroxide  produces  small,  but  hazardous, 
quantities  of  vinyl  chloride.  The  use  of  alternative  solvents  can  eliminate  this  haztird. 

These  are  just  a  few  examples  of  potential  substitutes  for  hazardous  chemicals  in  chemical  plant 

operations.  Development  of  a  comprehensive  data  base  of  substitutes  for  all  the  major  hazmats  is 
recommended  as  a  prime  countermeasure.  The  economics  of  hazmat  substitution  should  also  be 


li-'C  ;‘.i.  i;'\u  n!:iii':!.i!  ^'.ill  I'f'.'b.ihK  not  he  replaced  il  the  ■'uhsliiuli'.'ii  makes  Ihe 
e-''  t ^1  eii "iiuall'.  slide  Research  eiuieerning  ihe  eharaeieri/alion  ul  reactive  ehemieals, 

ri  iv.si  d  b\  K-.  hihrarid,  '  should  aKi)  he  ineluded  in  order  lo  idenuiy  potential  hazardous 
!kai  'laeioit'.  .issosiateU  \siih  these  suhsijiules. 

-  ^  i-spi;  sii'it  Suppression  S\sii.ins 

'iqiiip.tteri!  tor  use  in  esplosjon  suppressjiiu  systems  t(tr  prt'eess  \esseis  is  as  lolleiws: 

[  )s ’s s's  OS  'Wic  most  svaiimonK  used  deteetor  is  a  \er^  sensitise  and  stable  isite  I'l  [tressure 
n  sIssUOKd  to  sl'Ose  eleC.riea'  eoniaels  ver\  earh  in  the  pressure  prinsih  This  nia\  be  set  to 
.i  I'oosii'o,  .is  ,is  !■  i  j'si.'  d.  piiKlitip  on  plant  ronuiiious.  iXuai  U'  ..re  used  in 
,1.0.  ""'I  s-,,  .ro  ,,i!d  oiiiei  tspes  ..|  mioeatii'n  desiees. 

s.,p-,,  s~,  os  ,s ,1  pt'ies u's  proM.le  Ihe  .uiiomaiie  uispieTsal  oi  a  miiiaaiinp  .leeuii  upon  deteeiion 
’  ,  o  I,"!.':;  i\s,i  I'vj'es  are'  Used,  If.ineihle  tiitd  pressurized,  ssiih  the'  sehy  iinn  dependent  on 
.■vp.ie.se  n  1.  har.ieierisiK  s  ami  the  [uoeess  \ariahles  eneouniered.  i  r.,npihle  suppressors  eonsisi 
oo',e‘l;o!  reseioiurs  hlkd  \siih  the  suppressing  apeni  into  sshieh  a  small  explosise  eharpe  sueh 
td.isiiri.t  |s  inserted.  .Siiiee  i  desiee  is  not  pressurized,  the  loree  to  disperse'  the 

'  ;■  '.ipj'iles.l  h'.  the  evpi.'si'.e'  ehalUe  .  \shie.h  tdso  ruptures  the  wail  ol  the  reseisoir  Pressurized 
:e  --.'[s,  kn.e.en  a.,  hieh -rale  diseharee  e\i iiieuishers,"  eoniain  the  aeent  under  the  nitrogen 
'ure.  liid  I'i'etiine  ol  the  loniainer  o  ,ie'eom|ili^heel  veith  an  explosive  eharge.  A  xerx  large  hore 
eei  iit  oiek.r  to  allow  d!s[iersal  o'  'he  agent  in  a  minimuni  perioel  ol  time. 

I  '.j'l.  'I'  01  '!i['j'ress|iin  h.is  been  too  expeuisive  and  unproven  lor  large  r  applieaiions  i  >  UK)  euhie 
■s|  !'.  '...ivei,  ivpennuMis  leave  been  peilor.ned  vviih  a  111  eubie  meters  vessel  to  evaluate, 

tii'i  ph.ie.  explo-^hui  supple  ssinn  svsienis  usiiie  ihresholel  pressure  vklvaiois  .oul  t'-mm  diam- 
1  h  I  .;ti  rate  d  I  Si  h,  11  Lie  it  1 R1 )  i  sijpp.nssius.  I'lie  11 R1 )  suppiess(>rs  vv  iu  e  v  h.i  i  uv  d  \v  1 1  h  a  nimon  i  urn 
pii.iii'  povv.K  r  suppress.ini  and  pu'ssurized  vvnh  drv  mirogv  ii  lo  f'ti  bar.  It  was  lound  th.it 
M'lru’  Ilie  sizi  ot  Ihe  IIRD  ixplosion  suppressor  hv  .i  (aetor  grealii  itiaii  (Irom  .hi  I  lo  4.s 
I  I  iioi  [..suit  III  ,1  i orit spondiiig  h, living  ol  the  number  ol  expliwiiui  suppu  ss.ns  liapiiiaal  tor 
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clU\ii\i.'  supprcssum  i>l  ihc  c\plo^iiUls.  The  suppressant  diseharee  rale  was  irbsiciusU'  (ine  of  the 
liiiiiiine  la^lors. 

Ill  w'lC  St^'Cv'ilu  v'  1  ilie  experimental  program,  the  elTeetixencss  of  explosion  suppression 

'-x'siems  \sas  exaluated  apainst  the  same  explosion  threats  using  HRD  suppressors  with  a  eapaeily 
of  45  I,  and  an  outlet  diameter  of  12~  mm.  This  culminated  in  a  series  of  large-xctlume  explosion 
cupprecsion  tests  m  the  25i>  in'  xessel. 

\  olumes  of  6.2,  K',  and  25  m  svere  considered  small,  and  it  was  demonstrated  that  the  45  L 
1  Z"  nim-il'am  lIRD  suppressor  xxas  eamsKlerabK  more  effective  than  the  45  L.  76-mm-diam  unit. 

b.xplosion  suppressuni  tests  uere  earned  out  in  the  large  volume  (4  251)  m'  using  the  45  L.  12^- 
nim-diam  unit.  The  results  of  these  tests  uere  comparable  in  the  lO-m'  and  25-m'  \essels  with  the 
'line  HRD  sujipressor.  Thus,  the  effieaev  of  explosion  protection  h\  suppression  for  large  plant 
components  exas  esi,iblished.  Consequently,  the  tiuihors  claimed  that  the  technique  of  dust  explosion 
s'.ipjiression  is  xi.ible  ujt  to  \olumes  of  IIKH)  m'. 

1  5 . 1 . 2.N  ■M.iehiiiei'x  N’ibralion  FToerams 

FTe'-ention  of  catastrophic  failures  of  rotating  machinery  in  chemical  plants  is  of  prime 
imivirmnce  in  reducing  process  uj'sets  and  safely  hazards  to  a  minimum.  The  acute  Hazardous 
I'.xents  Database  indicates  ih;H  of  a  total  number  of  5179  in-p'dnt  events  were  caused  by 

cejuipment  failure.  Although  the  traction  of  these  failures  due  to  rotating  machinery  breakdown  is 
not  indiixited,  it  is  well  known  that  pumps,  compressors,  turbines,  blowers,  and  fans  arc  more 
■■ulnerable  to  failure  than  other  ixpes  ol  operating  equipment.  The  failures  are  also  critical  because 
ihc)  impaci  on  the  flows  ol  po'cess  nuids,  healing  and  cooling  media,  power  sources,  ttnd  the  other 
utilities  in  the  plant.  In  addiiion,  tailiire  in  other  priicess  equipment  has  been  knt'wn  t('  precipitate 
tailure  ol  the  rotating  machmerv  because  ol  tempi'iarv  ovei lotiding.  Le  BUinc  presents  an  example 
ot  the  dcsiruciixe  elTecis  resulting  Irorn  ;i  chlorine  ettmpressor  failure.’''  This  centrifugal  chlorine 
tompressor  was  known  to  be  a  piohlem  since  chlorine  leakage  had  cont;imin;ited  its  lubricating  oil 


2. ■'6 

-.ui'p!'..  vOiiih  rcsulicJ  :n  vx^cssivc  vibriiiion  jl  tiic  compressor  hearings.  Nevertheless,  operation 
was  n'niinued  when  it  was  disoavcred  that  maintaining  adequate  speed  on  the  unit  and  purifying 
I  lie  Ui'nicatiiig  oil  a|q\irentl\  slopped  the  v  ibration.  However,  the  compressor  was  later 
iiiadvcricnilv  allowed  to  vlow  down,  resulting  in  severe  vibrations.  It  was  then  manually  shut  down 
,1:1.!  rcnioived  lor  repairs.  .Subsequent  inspection  showed  that  the  vibration  resulted  in  an 
i.oei  i.h.ioo.ae  lira  wi'len  liie  loninressor,  and  portions  of  the  comnresscir  rotor  were  burned  awav, 

I  oriuriaie'v,  prompt  1  qieraior  respotise  prevented  ntore  extensive  tiKichine  dtimage  and  tnus  avoided 
a  s\':\rnel;.  h.i/ardoii-  .oinospherK  chlottne  release, 

A  predwti.e  m.iinten.ince  progr.iin  to  ellcclivelv  survev,  .inalv/e,  tind  res[io.id  to  riUtiting 
iti  i.  liifieP,  vp  rio on  a;  n  pel ' ochemic.i I  plain  ha'  been  ilessiibcd  oy  Le  Blanc.'  '  It  includes  the 

: ,  ' :  i.  ''W  :  n  a  sii  ps; 

i'it'odis  iinoniiilvi  Held  vibiaiio-n  i  iing  ol  till  roi.iimg  cqui|'menl. 

2  (  onioiuote  si; r, eill.iiicc  o|  criiical  compoiunis  usine  conirol  room  vibraiion  mi'niiors. 

'  .Analtsis  io  vleicimine  the  causes  (i|  m.ichinery  vibraiion  tind  nieilu'ds  10  correct  the  problems, 
rti!'  i:t.  a  !es  iield  diagnosis  bv  u, lined  .m.ilvsis  for  simple  ['it'blenis  and  the  use  ol  sophisi ieated 
o, utip'.iten.o.d  jiri'crains  Pu  nc  re  eonq'lex  situations. 

1.  \  o  -soo.  ;  ,  pr.onr.im  to  ,is-.|s!  in  eoricsiion  ami  prevention  of  roiaiing  equipment 

j't  'Mi MIS  P:  p.iiiii  ul  nK  impM'il.ini  dmine  equipmeiii  siaiuip  and  eomponent  changes. 

ii ,  (K  rv  vibiMiion  pr.'gi.ims  tire  a  b.i'ie  'o'nip'Oneni  of  proiiss  plant  loss-pievenlion  svsienis. 
P'l.  :r  jv  on.iiv  eo.il  o  ,i\o|..l  e\K  loive  d.tm.ii'e  aiid  s.deiv  hazards  bv  delecting  and  analv/ing 
;  !'  o',  Ms  .1:1  j  pu  '■  ■  io  :■  o  tuiin.r’  iHiio'i-  Ih  lori:  somplele  l.iilure  o|  iIk*  romponenl  occurs, 

|s  1  1  hnp'ropemeiijs  lo  sn u'age  Svsiems 

Monn'e  '..uiins  ate  |',u  lu  ul.iilv  viilmi.il'le  |o  lele.isrs  o!  loxie  ,ind  or  tl.iiiim.ible  malcritiK  for 
I  he  foi  f  ws  I  np  o  asi  Ills; 


hirce  imenioMes  o|  ha/aido,iis  m.iu  ri  ils. 


2.  less  operator  attention  sinee  tanks  are  olten  loeatecl  in  more  remote  areas  of  plants, 
fewer  deteetion  instruments  used  in  surragc  areas  to  warn  of  hazardous  releases, 

4.  higher  probabilities  of  aeeidents  during  loading  to  and  unk^ading  from  transportation  vehicles, 
and 

s.  higher  probabilities  of  failure  due  to  external  events  such  as  collision  by  vehicles,  fires  in 
adjtieent  installations,  and  sabotage. 

Al-Abdulally  "  diseusses  preventixe  measures  taken  ('n  a  large  fertilizer  complex  located  in 
Ahmadi,  Kuwait  Many  of  these  metisures  could  also  be  applied  to  the  sttrrage  of  other  hazardtms 
chemicals.  .Metisures  used  for  their  amtiKmia  storage  system  include  the  kdlowing: 

1.  Prox  ision  of  a  ci'iicreted  conttiinment  area  under  the  storage  tanks  xvith  a  dike  wall  of  sufficient 
heicht  t('  eontttin  till  of  the  contents  of  any  given  tank. 

2.  Equipment  t)f  each  storttge  tank  xvith  stifety  dexices  to  xvarn  of  or  prexent  a  major  rupture  of 
the  tank.  The  safety  reli<'f  xalxes  are  connected  to  a  flare  system  to  prexent  releases  due  to 
overpressuri/aiion. 

.4.  l/se  of  a  common  refrigeration  system  to  maintain  all  the  tanks  at  -3,4"C. 

4.  Provisions  for  collecting  released  ammonia  to  drains  and  pumps  to  direct  the  spilled  liquid  to 
another  tank. 

5.  An  ammonia  leak  deteetion  system  and  alarm  indicators  Utcated  in  the  control  room. 

6.  'nstallation  of  a  foam  station  to  reduce  the  evaporation  rate  of  ammonia  from  the  diked  area. 
Consideration  was  gixen  to  the  construction  of  a  bund  wall  (or  dike  wall)  around  each  tank  to 

the  lull  height  of  the  tank.  Thus,  there  would  be  an  annular  space  about  2.5  m  wide  around  each 
lank  with  the  top  left  open  for  xeniikition.  The  prime  advantage  of  the  bund  would  be  the 
reduction  in  the  ground  tirea  under  etieh  t;mk  by  a  factor  of  about  49,  which  was  estimated  to 
decrease  the  continuous  exaporation  rale  of  a  spill  also  by  a  factor  of  about  49.  The  bund  would 
also  proxide  some  protection  from  external  events  such  as  sabottige,  vehicle  collision,  etc.  A 
decision  against  the  bund  wall  was  made  due  to  high  capital  costs,  construction  problems,  and  only 


a  slight  reduction  in  the  disaster  potential  due  to  tank  failure  (the  maximum  distance  traveled  by 
the  toxic  vapor  cloud  was  reduced  slightly). 

15.1.4  Prevention  Throueh  Education  and  Certification 

One  basic  preventive  measure  that  has  been  almost  completely  neglected  concerns  the  teaching 
of  chemical  process  safety  to  undergraduate  chemical  engineering  students.  During  their  preparation 
to  fill  positions  as  researchers,  designers,  operators,  and  managers  of  chemical  processes  and 
facilities,  chemical  engineers  in  most  universities  are  not  required  to  take  any  formal  safety  courses, 
and  in  many  cases  their  only  exposure  to  process  safety  occurs  during  their  process  design  courses. 
However,  this  iKi;2!ly  left  to  ihc  uiscteiion  of  the  professor  teaching  the  course.  The  members 
of  the  Accreditation  Board  for  Engineering  and  Technology  (ABET),  who  arc  responsible  for 
accreditation  of  the  U.S.  Engineering  Colleges,  do  not  currently  have  any  requirements  for  process 
safety  in  chemical  engineering  curricula.  However,  they  do  plan  to  add  these  requirements  in  the 
near  future.'-'' 

The  American  Institute  of  Chemical  Engineers  (AIChE)  has  recognized  this  deficiency  and 
recently  moved  toward  developing  educational  modules  in  support  of  the  undergraduate  chemical 
engineering  curriculum.'"'  These  modules,  which  arc  designed  to  introduce  safety  into  undergraduate 
engineering  programs,  will  include  all  facets  of  safety:  prevention  and  mitigation  of  accidental 
releases  of  hazmats,  personal  safety,  occupational  safety,  industrial  hygiene,  toxicology,  etc.  The 
modules  will  be  designed  so  that  they  can  be  added  to  the  current  chemical  engineering  curriculum. 

For  graduate  engineers,  the  AIChE  has  a  goal  of  sponsoring  meetings  primarily  concerned  with 
process  safety  and  developing  countermeasures  for  the  release  of  hazmats.'”  Their  objectives  are 
to  develop  a  dialogue  on  concerning  identification  of  the  problems  and  obtain  a  consensus  on 
directions  that  research  in  this  area  should  take. 

Training  and  certification  of  graduate  engineers  and  other  technical  per.sonnel  have  been 
undertaken  by  the  Institute  of  Hazardous  Materials  Management.  Their  Certified  Hazardous 
Materials  Manager  (CHMM)  examination  has  been  developed  as  a  qualification  requirement  along 


with  at  least  three  years  of  professional  ha/mat-related  experience  in  industry,  government,  or 
edueation.  Major  contributions  and  outstanding  leadership  in  this  field  may  also  be  credited  toward 
meeting  some  of  the  requirements.  The  CHMM  examination  is  offered  periodically  at  universities. 
A  training  manual  prepared  by  TV  A  personnel  is  available.'"*^ 

15.1.5  Community  Awareness  Prt^erains 

The  public  is  concerned  that  hazmats  produced,  stored,  or  transported  through  their 
communities  may  have  an  adverse  effect  on  their  health  and  safety.  This  concern  is  becoming  more 
widespread  and  emotional,  particularly  since  the  Bhopal  disaster  in  1984.  The  Chemical 
Manufacturers  Association  (CMA)  states  that  the  public  perceives  that  inftrrmation  on  hazardous 
chemicals  is  being  hidden  from  them,  and  this  perception  has  precipitated  the  righi-to-know 
legislation  at  the  state  levels  as  well  as  the  federal  level  (SARA.  Title  III  statutes).  To  counteract 
this  increased  public  concern  trend,  the  CMA  has  established  their  community  awarcnc.ss  and 
emergency  response  program.*^  CMA  proposes  that  the  basis  of  any  effective  community  awareness 
and  emergcnc7  response  program  is  an  informed  public  familiar  with  the  operations  of  local 
chemical  plants.  Such  a  public  will  be  better  able  to  understand  the  emergency’  response  plans  that 
plant  managers  will  help  communicate  to  it.  One  oi  the  first  steps  is  to  go  into  the  community  and 
contact  the  people  who  arc  needed  to  participate  in  emergency  planning.  This  initial  contact  will 
include  a  dc.scription  of  the  facility,  its  safety  and  accident  prevention  programs,  its  emergency 
respon.se  capability,  and  its  .safe  operating  history’. 

Therefore,  chemical  plant  managers  are  advised  to  consider  outreach  programs  as  a  general 
response  to  the  public's  demand  for  information  and  as  a  means  to  create  an  educated  community 
that  is  able  to  participate  effectively  in  the  emergency  response  program.  The  plant  manager’s  role 
as  a  catalyst  in  any  planning  effort  will  be  easier  if  the  community  knows  what  goes  on  inside 
facilities,  what  safety  measures  are  in  place,  and  what  emergency  prcparednc,ss  measures  arc  taken. 
The  public’s  fears  about  chemical  hazards  will  also  be  diminished.  Outreach  programs  could  include 
speaking  at  community  meetings  (e.g.,  school  and  church  croups,  service  clubs,  and  City  Council 
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meetings),  plant  tours,  and  brochures  explaining  the  facility. 

The  Louisiana  Chemical  Association  Community  Awareness  Project  is  a  good  example  of  an 
outreach  program.  It  includes  the  following  elements: 

1.  CTicmical  Operations  Awareness  Seminar  -  On-site  seminars  at  chemical  plants  which 
include  accident  prevention,  design  and  engineering  safeguards,  emergency  response,  and  community 
protection  systems. 

2.  Booklet.  *Protcctine  People  and  the  Environment.*  -  A  concise  booklet  developed  to 
familiarize  the  public  with  chemical  operations  and  procedures. 

3.  Chemical  Emergency  Preparedness  Symposium  -  A  symposium  to  promote  awareness  of 
emergency  procedures  and  precautions  already  in  place  at  a  chemical  facility. 

4.  Program  Evaluation  and  Monitoring  -  Opinion  surveys  of  media,  officials,  and  community 
leaders  to  evaluate  the  effectiveness  of  the  Chemical  Operations  Awareness  Seminars. 

In  summary,  a  well-conducted  community  awareness  program  should  develop  a  better  public 
understanding  of  ha7.ardous  chemical  processing  and  help  to  establish  two-way  communications 
between  the  facility  and  its  community,  which  will  serve  as  the  basis  for  the  effective  development 
of  emergency  response  planning  and  implementation. 
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15.2  DETECTION  AND  WARNING  SYSTEMS 

Atallah''‘‘  reviewed  systems  currently  under  development  for  the  detection  of  hydrocarbon  leaks 
such  as  methane  and  other  hydrocarbons.  They  include  the  following; 

1.  A  Raman  light  detection  and  ranging  (LIDAR)  system  under  development  by  the  Computer 
Genetics  Corporation,  can  detect  hydrocarbons  throughout  an  entire  facility  continuously  at 
a  scan  rate  of  ‘'2s.  The  projected  LIDAR  beam  can  scan  to  a  distance  of  500  m  for  localized 
leaks  of  5000  ppm  concentrated  over  1  to  2  m.  The  system  has  an  estimated  cost  is  about 
S750,(X)0  and  could  be  adapted  for  use  with  other  toxic  ga.ses. 

2.  A  (DIAL)  type  system  (see  Sect.  14.5)  is  under  development  by  SRI  International  (Menlo  Park, 
California),  supported  by  Gas  Research  Institute  (GRI)  for  the  detection  of  natural  gas  leaks 
from  buried  pipelines.  It  actually  scn.ses  ethane  in  the  natural  gas  in  order  to  prevent  false 
alarms  from  other  sources  of  methane.  It  can  be  vehicle-mounted  and  has  a  sensitivity  of  3.5 
ppm-m  for  ethane  over  a  range  of  150  to  1000  m.  As  outlined  in  Sect.  14.5,  tunable  lasers 
could  be  applied  to  a  wide  range  of  toxic  gases.  The  technology  appears  to  be  applicable  not 
only  to  fixed  facilities  and  storage  sites,  but  also  to  areas  where  large  population  centers  are 
at  risk  or  to  transportation  centers  such  as  railroad  yards  or  truck  centers.  The  high  cost  of 
these  instruments  is  probably  the  prime  obstacle  to  their  application  at  the  community  level. 

3.  TTie  Columbia  Gas  Service  Corporation  (Columbus,  Ohio)  is  also  developing  a  DlAL-type 
detecting  device  under  the  sponsorship  of  GRI.  Helium-neon  lasers  are  to  be  used.  The 
instrument  is  shoulder-mounted  and  has  a  detection  limit  of  3  ppm/m  over  a  range  of  11  to 
17  m.  Prototypes  developed  thus  far  were  priced  at  S20,tXX)  per  instrument. 

Prugh^'  reviewed  the  various  types  of  detectors  and  suggested  methods  other  than  toxic  gas 
sensors  such  as  odor,  color,  or  fog  detection.  Most  chemical  substances  have  a  characteristic  odor 
which  c'^uld  serve  as  a  warning,  provided  that  the  detection  threshold  is  sufficiently  below  the 
immediately  dangerou';  to  life  and  health  (IDI.H)  level.  Ilowx  cr,  odor  detection  mav  not  be. 
adequate  if  the  chcmials  produce  olfactory  fatigue,  where  the  small  sensitivity  is  lost  after  prolonged 
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cxpcisurc.  Also,  even  person  has  a  different  sensitivity  to  various  classes  of  materials.  (Some 
persons  may  be  very  sensitive  to  a  smell,  while  others  would  detect  it  weakly  or  not  at  all). 

Instrumentation  is  not  available  for  the  detection  of  odorous  materials  it.  the  atmosphere.  The 
prime  method  for  detection  is  the  human  nose.  However,  other  techniques  can  be  applied  for 
estimating  the  quantitative  levels  of  concentration  in  the  atmosphere,  and  gas  chromatographs  can 
then  be  used  to  select  the  odor  source  from  among  several  potential  sources  by  comparing  the 
concentrations  of  the  odorous  components  with  their  threshold  levels,  odor  characteristics,  and 
concentrations  at  different  locations  in  a  plant. This  technique  would  probably  be  too  slow  and 
cumbersome  for  use  as  an  emergency  response  tool.  However,  spiking  toxic  chemicals  with  an 
odorous  tracer  such  as  that  used  to  identify  natural  gas  is  one  possible  method  for  detecting 
emergency  spills.  Such  a  tracer  must  be  nontoxic,  nonradioactivc,  have  low  background  levels,  be 
chemically  and  thermally  stable,  and  be  amenable  to  rapid  detection  by  analytical  instruments.  Also, 
rclca.se  to  the  atmosphere  should  not  create  deleterious  environmental  problems. 

A  few  gases  and  vapors  have  characteristic  color  which  could  aid  in  identifying  sources  of  leaks 
and  also  approximate  concentrations  if  the  ob.scrvcr  is  trained  for  such  an  observation.  However, 
thc.se  materials  arc  noticeable  only  at  significant  concentrations,  so  this  method  is  useful  only  near 
the  source. 

Some  gases  become  visible  when  mixed  with  moist  air  because  of  reaction  with  the  moisture 
or  the  formation  of  aerosols  after  extracting  the  water-vapor  from  the  air.  Low-temperature  vapors 
can  cause  fog  by  condensing  moisture  from  the  air.  Thus,  observation  of  these  plumes  can  assist 
in  locating  the  source  of  leakage  and  also  serve  as  a  detection  measure.  However,  one  would  have 
to  differentiate  between  a  toxic  fog  and  the  normal  releases  of  steam  and  other  vapors  from  most 
chemical  plants.  Prugh''  suggests  the  use  of  closed-circuit  television  systems  for  monitoring  plant 
sites  for  fog-indicated  releases. 
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Prohahly  one  of  the  most  promising  countermeasures  for  fixed  facilities  is  the  direct  tie-in 
between  the  toxic  material  detector  and  an  efficient  warning  system  such  as  a  siren,  telephones  to 
transmit  prerecorded  messages,  and  computers  programmed  to  dial  preselected  telephones  in  the 
vicinity.  Radio  and  television  messages  may  also  be  an  effective  measure.  Prugh-'  further  suggests 
that  "prc/ccss  computers  cfinld  bu  programmed  to  detect  leakage  by  changes  in  pressures,  flows,  and 
levels,  to  support,  verify,  or  combine  with  the  alarms  generated  by  the  leak  detectors.  As  confidence 
is  developed  concerning  reliability  and  absence  of  false  alarms,  the  area-alarm,  site-wide-alarm,  and 
off-site  warning  actions  could  be  made  automatic."  Certainly  such  systems  could  reduce  the  warning 
and  evacuation  starting  times  by  as  much  as  an  order  of  magnitude. 

For  vehicles  used  to  transport  ha/mats,  such  as  chemical  tank  trucks  and  railroad  cars,  we 
recommend  that  an  automatic  radio  warning  system  be  developed  that  would  be  triggered  by  a 
major  impact,  such  as  a  collision  or  overturn,  or  by  a  signal  from  the  driver  or  train  engineer.  A 
system  of  this  type  could  be  tuned  to  a  common  emergency  communications  channel  and  would 
broadcast  a  warning  message  concerning  the  materials  spilled  and  instructions  for  the 
countermeasures  to  be  taken.  If  many  tank  cars  on  a  train  were  involved,  a  timed  sequence  of 
mes.sages  might  be  required.  Such  a  system  would  provide  very  rapid  notification  to  arriving 
response  personnel;  it  would  identify  the  materials  released  and  their  position  in  the  train  from  a 
distance,  thus  circumventing  close  observation  of  the  accompanying  labels  and  providing  instructions 
to  the  responders  who  might  not  have  the  proper  emergency  response  guidebooks.  Costs  of  such 
a  system  should  not  be  excessive  unless  a  high  degree  of  sophistication  is  required. 

A  promising  recent  development  concerning  the  use  of  satellites  to  track  trucks  carrying 
hazardous  materials  is  being  tested  by  several  trucklines.'*'  The  system,  offered  by  the  Geostar 
Corporation,  Washington,  D.C.,  utilizes  transmission  of  coded  signals  that  arc  sent  to  a  satellite  and 
then  beamed  back  to  a  stub  antenna  on  the  truck.  The  truck  then  automatically  responds  with  a 
signal  to  the  satellite,  which  is  relayed  to  the  ground  station.  Triangulation  can  then  be  used  to 
determine  the  location  of  the  truck  using  a  LORAN  navigation  system.  Gcostar  claims  that  with 
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iwo  satellites  in  orb't.  the  truck  pdsition  can  he  determined  to  within  30  ft.  The  truckline  users  can 
ohiain  the  information  on  the  truck  position  by  checking  the  screen  of  a  personal  computer  located 
at  their  headquarters.  Communication  between  the  PC  and  the  ground  station  is  maintained  by 
telephone.  Also,  in  case  of  an  emergency,  a  driver  can  relay  a  call  for  help  by  punching  a  button 
in  the  cab  which  relays  a  message  back  through  the  satellite  link.  The  current  cost  of  the  system 
(S16.S  month  per  truck)  is  stated  as  justified  by  minimizing  the  number  of  stops  required  by  the 
driver  to  phone  his  position  back  to  the  truck  headquarters.  For  hazardous  materials  shipments, 
prompt  response  to  major  spills  would  probably  be  adequate  justification  for  this  cost. 

15.3  MINIMIZING  TRANSPORTATION  RISKS 

A  recent  review  by  the  Congressional  Office  of  Technology  A.ssessmeiil  (OTA)  concerning  the 
transportation  of  hazardous  materials  provides  insight  into  needed  technical  countermeasures.'"' 
The.sc  include  data  collection  and  information  needs,  containers  for  hazardous  materials,  bulk 
packaging  and  intermodal  containers  (containers  that  hold  4  to  6(XX)  gal  of  material  and  arc 
supported  by  a  metal  frame  locked  into  special  fittings  on  a  vehicle). 

15.3.1  Data  and  Information  Needs 

The  Office  of  Technology  Accessment  (OTA)  reviewed  the  federal  data-collection  activities  (as 
of  1986)  concerning  hazardous  materials  transportation  and  concluded  that  they  "present  a  sound 
basis  for  additional  state  and  local  commodity  flow  data  collection."  How'cver,  city  officials  and 
planning  committees  have  expressed  a  need  for  a  national  flow  data  resource,  and  some  requests 
have  been  made  for  a  real-time  notification  system  for  hazardous  shipments.  Many  emergency 
response  committees  prefer  to  develop  their  own  local  inventories  and  transport  surveys  to  assist 
in  their  planning.  The  time  delays  in  utilizing  federal  annual  summaries  of  shipments  may  render 
the  data  obsolete.  Also,  a  real-time  information  system  could  overwhelm  the  response  organizations 
tracking  the  masses  of  current  data.  However,  the  state  of  Colorado  now  requires  permits  for  all 
hazardous  materials  shipments  through  the  state,  and  these  permits  could  serve  an  cxecllent  data 


base  f(ir  planning  purposes. 

OTA  concluded  Ihai.  althoueh  the  Icdcial  iiil'ormatitm  resources  cannot  procide  the  specific 
shipment  inlormation  required  by  the  state  and  local  planning  orgtini/alions,  the  annual  DOT 
summitries  td  aggreg;ite  regitm;tl  shipments  can  prttvide  useful  regional  and  state  Hows  of  hazardous 
commodities.  Locally  conducted  data  collection  on  ha/mat  facilities  inventories  ;ind  transportation 
surveys  is  encour;iged.  Data  provided  by  SARA  Title  111.  if  rigorously  enfttreed.  shtmld  be  of  real 
value  to  these  lociilly  conducted  surveys  (see  Sect.  I.•s.l.2). 

15. -^.2  Containers  ftrr  Ha/ardtnis  Materials 

Containers  used  for  shiping  h;i/;irdous  m;iteri;ils  include  t;ink  truck  .  railroad  tank  c;irs,  b;trges. 
bottles,  boxes,  drums,  and  intermt'd;tl  cont;iiners.  DOT's  Research  and  Spcciiil  Programs 
Administration  is  rcspcmsible  for  the  packtiging  and  hazard  communication  regulations  for  all 
hazmat  containers  except  bulk  marine  containers,  which  ettme  under  the  jurisdiction  of  the  U.S. 
Coast  Guard.  Studies  conducted  by  DOT  show  that  many  of  the  releases  from  tank  trucks  ettme 
from  discharge  valves,  pressure  relief  valves,  and  manhole  covers  and  that  poor  maintenance  and 
inspection  of  the  trucks  contribute  to  the  problem.  An  OTA  study"  revealed  that  carg(t  tank  trucks 
carrying  gasoline  are  involved  in  more  deaths  and  damages  than  all  other  hazardous  materials 
accidents  combined.  OTA  indicates  that  adoption  of  the  proposed  rule  changes  concerning  the 


"Requirements  for  Cargn  Tanks"  '’-  would  signil'ieanily  imprtne  the  reliability  of  tank  trucks.  This 
proposal  includes  a  number  of  revisions  to  the  regulations  including  the  following: 

1.  construct  and  certify  cargo  tanks  according  to  the  American  Society  of  Mechanical  Engineers 
(ASME)  Code, 

2  specify  accident  damage  protection  for  tank  trucks. 

-s.  require  retesting  and  annual  inspection  of  specification  cargo  tanks. 

4.  require  corrosion  testing  of  unlined  cargo  tanks  at  least  every  2  years, 

5.  specify  additional  safety  control  measures  for  cargo  tanks  used  to  transport  materials  having 
more  than  one  hazard  class, 

6.  require  that  tanks  used  for  certain  ha/mats  have  a  minimum  design  pressure  of  25  psig, 

7.  require  that  major  repairs  to  cargo  tanks  be  performed  by  qualified  facilities,  and 

S.  require  certain  recordkeeping  of  owners  of  ha/mat  transportation  vehicles. 

The  propo.sal  resulted  from  long-term  research  that  evaluated  the  records  of  past  cargo  truck 
accidents  and  examined  the  existing  Hazardous  Materials  Regulations  pertaining  to  cargo  tanks. 
Results  indicated  that  the  MC406-iype  cargo  tanks  used  to  transport  flammable  liquids  were  "highly 
susceptible  to  leakage  and  pre.sents  a  substantial  fire  risk  when  overturned."  The  MO,4l-typc  cargo 
tank  used  to  transport  ammonia  ar  1  CPG  is  not,  in  some  instances,  properly  maintained  and 
requalified.  Also,  external  corrosion,  failure  of  a  large  percentage  of  relief  valves,  and  substantial 
stress  corrosion  cracking  were  observed. 

Cargo  tanks  used  to  transport  high-vapor-pressurc  hazardous  materials  (MC3()7-iype  tanks)  were 
found  to  have  problems  with  poor  maintenance,  repair,  rcqualification,  and  both  external  and 
internal  corrosion.  Also,  leakage  from  malfunctioning  valves  during  loading  and  unloading  is  a 
serious  problem.  DOT  recommends  that  adoption  of  these  proposed  changes  and  additions  in  the 
FTizardous  Materials  Regulations  would  significantly  improve  cargo  tank  integrity  during  ha/mat 
transportation.-' 


An  addiiii.nnl  rctomiiK iii'.iiii'n  loniaincd  in  the  OTA  sUdv  concerns  the  safety  of  intermodal 
eontainer^,  '.'.hief:  are  delined  abi'\e  I'he  f'niled  Siat'  has  few  manutaeturers  of  these  tanks,  hut 
their  numbers  in  serviee  are  iiu nasini!  r.tpidly.  The  problem  with  these  ecmtainers  inw'lses  the 
irutk  eh.isMs  used  and  i1k  methods  for  s.-eurinp  the  tanks  to  the  tre.k  chassis.  Most  of  the 
available  chassis  m  the  I'niied  Stales  lor  this  type  of  container  are  "deficient  either  in  leneth. 
svcurcment  devices,  or  overall  vlesiyn,  which  typieallv  ineornorates  a  hiph  center  ('I  eravitv."  OTA 
recommends  intensive  study  of  ihe  vehicle  chassis  and  seeiirement  methods  lor  intermodal  tank 
transportation.-' 

Kiel/  "  reviewed  various  transportation  ha/mat  countermeasures  in  eff  et  in  the  ' 'mteU 
Kinc'dom  wiih  those  in  the  I  nited  States.  Relict  valves  are  cited  as  beneficial  lor  prevention  of 
tank  rupture  because  ol  overt illing;  but  olten  they  do  not  prevent  a  burst  durinu  fires  because  the 
itink  wall  metal  failed  from  hich-temperature  expos'ire.  Also,  relief  valves  are  preme  to  leakaite,  can 
be  kntveked  olf  durint;  an  tieeidcnt,  are  difficult  to  maintain,  tind  may  disehariie  liquids  (with  no 
pressure  relief)  if  the  Ittnk  overturns.  Klet/.  recommends  a  review  concerning  the  safety  aspects  of 
relief  valves  and  suggests  their  possible  elimination  on  tankers  carrying  liquefied  toxic  gases.  He 
also  indicates  that  a  study  was  made  recently  of  the  possible  transportation  t'f  liquefied  llammtible 
gases  (such  as  l,PC))  in  relricerated  tanks  at  atmospheric  pressure  and  tempetatures  bciovv  their 
boiling  points.  Possible  itieic.ised  safety  wmild  be  achieved  during  a  rupture,  but  insulation  would 
reduce  the  overall  ptivload  .ind  re(|uire  more  trips  for  the  same  qutintities  transported.  .More 
extensive  investigtition  of  this  option  appears  to  be  warranted. 


Kiel/  also  addressed  possible  reasons  why  the  U.S.  railroad  hazmat  rceord  was  so  much  worse 
than  tha'  experieiieed  in  ihe  L^nited  longdom  (LbK.).  Several  of  the  possiede  reasons  included; 

1.  poorer  slate  of  the  U.S.  trackage, 

2.  free  shunting  of  tank  cars  in  the  U.S.  railroad  yards, 

.s.  longer  U.S.  trains  with  heavier  tank  cars, 

4.  Kiore  segregation  ot  loads  in  the  U.K., 

5.  more  a.xle  box  inspection  in  the  U.K., 

6.  differences  in  the  metallurgy  of  tank  cars,  and 

7.  I  ail  trips  are  longer  in  the  linited  States  with  more  sharp  bends,  higher  centers  of  gravity  for 

the  tank  cars,  and  more  cariaiions  in  the  ambient  temperature. 

Improvements  in  U.S.  railroad  tank  car  design  has  been  partially  responsible  for  the  decline  in 
reported  incidents  since  1979.  These  features  included  the  use  of  improved  couplers,  head  shields 
to  prevent  couplers  from  piercing  the  ends  of  the  tankers,  and  insulation  to  protect  the  tank  cars 
from  fire. 

Olson''"'  reviewed  the  major  causes  for  train  derailments  and  suggested  a  possible  method  for 
reducing  the  damage  caused  during  derailment,  which  could  in  turn  reduce  the  damage  to  tank  cars 
carrying  hazardous  materials.  The  method  involves  installation  of  on-train  derailment  monitors  that 
would  activate  the  brake  systems  automatically  on  all  cars  car.7ing  these  materials.  The  monitors 
open  the  brake  line  on  a  derailed  car  at  the  instant  of  derailment  and  thereby  actuate  the 
emergency  brakes  on  the  train  to  reduce  the  damage  of  the  derailment.  A  device  to  actuate  the 
brakes  at  both  the  point  of  derailment  and  at  the  end  of  the  train  is  claimed  to  prevent  the  cars 
at  the  end  of  the  train  from  crushing  the  derailed  car  due  to  the  delays  in  brake  application. 

A  countermeasure  that  could  mitigate  hazmat  rclca.scs  during  rail  transport  involves  the 
installation  of  automatic  sensors  and  warning  devices  at  large  railroad  yards.  An  example 
illustrating  this  need  concerns  an  acetaldehyde  release  from  a  ruptured  tank  car  at  the  Conrail 
Corporation  railyard  in  Avon,  Indiana,  on  July  25,  1987.''''  About  2n.0(Xl  gal  of  acetaldehyde  were 
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released,  l\)reing  the  esaeualion  cd  250()  people,  fifteen  persons  who  were  exposed  to  the  fumes  were 
treated  at  loeal  hospitals.  The  first  evaeuatitm  of  East  Avon,  started  35  to  50  min  after  the  release 
(depending  on  the  time  of  the  release  aeeording  to  different  sources)  and  required  about  55  min 
to  complete.  It  is  apparent  that  an  immediate  warning  device  could  have  decreased  the  delay  of  the 
start  of  evacuation  significantly  and  possibly  reduced  the  evacuation  time  too,  since  notification  was 
primarily  by  local  police  patrol  cars.  Consideration  should  alstt  be  given  to  the  installation  of 
sensors  and  warning  desices  at  all  major  transportation  centers,  including  railroad  yards,  truck  stops, 
inspection  stations,  truck  terminals,  etc. 

15.3.3  Human  Error  Elleets  in  Transportation  Accidents 

AnaKsis  of  transport  accident  causes  recorded  by  DOTs  Hazardous  Materials  Information 
System  between  ld76  and  ldX4  Midieates  that  human  error  has  been  recorded  as  the  primary  cause 
(hdC)  followed  b\  package  failure  (db.fs'f)  and  vehicular  accidents  Therefore, 

consideration  of  improvements  in  human  performance  training  and  reliability  must  be  given  top 
priority  when  considering  improvements  to  transportation  safety.  KIctz"*  cla.ssificd  human  errors 
in  the  folktwing  four  different  categories: 

1.  Accidents  due  to  a  moment’s  forgetfulness.  Thc.se  often  occur  in  spite  of  extensive  training 
and  long-term  experience  and  probably  can  be  avoided  by  belter  equipment  designs  that  provide 
safeguards  and  alarms  for  nonstandard  operations. 

2.  Accidents  that  atuld  he  prevented  by  belter  training  and  instruction. 

This  is  particularly  relevant  tt)  transportation  where  inadequate  training  of  truck  drivers,  driver 
inexperience,  and  the  absence  of  requirements  for  a  national  truck  driver’s  license  (requiring  special 
training)  are  all  major  causes  of  accidents.  The  GTA  study  suggests  the  development  of  a  national 
driver’s  license  with  special  requirements  for  all  ha/ardttus  materials,  including  gasoline. 

3.  Accidents  due  to  lack  of  ability.  These  accidents  arc  not  as  common  hut  do  occur  in  some 
cases  because  workers  are  required  to  perform  more  than  they  arc  atpable  of,  physically  or  mentally. 
A  common  example  of  this  would  he  the  problem  of  driver  fatigue,  which  is  caused  by  drivers' 
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ailcmpis  knuthcn  tiicir  i('ad  tiiiK-s  through  the  um;  of  stimulants,  pep  pills,  etc. 

4  Aexidents  that  would  have  bextn  prcvcnicd  hy  belter  supervision  or  regulations.  Although 
this  eategon,  applies  more  clearly  to  production  facilities  where  constant  supervision  is  required,  it 
h.is  been  applied  effectively  to  the  trucking  industries  through  the  use  of  checklists  for  hazardous 
materials  shipments  developed  by  the  American  Trucking  A.ssociation."’'  The  checklists,  which  arc 
essentially  the  responsibility  of  the  shippers’  supervision,  include  three  phases  of  inspection: 

1.  Preinspection  checklist  -  cheeks  compliance  with  shipping  documents,  vehicle 
markings  placards  specifications,  vessel  mtiterial  of  construction,  and  previous  cargo 
identification. 

2.  Preload  checklist  -  check  on  residual  materials  from  prior  Uiads,  inspectiim  of  vessel  and  its 
fixtures,  and  check  on  \ehicle  cleanliness. 

.'.  Poslload  checklist  -  check  fo.r  leaks,  closure  of  valves,  installation  of  covers/caps/plugs, 
installation  of  placards,  ;tnd  a  final  check  on  the  shipping  documents,  including  the  Material 
Safety  Data  Sheets  and  dtingcrous  cargo  manilests. 

Experience  indicates  that  shippers  can  effectively  prevent  or  reduce  the  number  of  releases 
during  transport.  Compartible  supervision  during  vehicle  unloading  operations  is  also  extremely 
important. 

One  of  the  most  effective  methods  for  preventing  human  errors  is  through  adequate  training 
of  operators,  including  periodic  retraining  to  maintain  their  skills.  OTA“'  recommends  that; 
"special  operator  training  specifically  related  to  ha/.mats,  and  training  for  shipper  and  cargo 
personnel  responsible  for  loading  and  unloading,  fastening,  blocking,  and  bracing  nonbulk  loads 
could  increase  safety  substantially.  OTA  suggests  that  Congress  consider  mandating  the 
development  of  specific  training  guidelines  ft)r  all  aspects  of  ha/.mai  transportation,  including  the 
transfer  operations.  As  an  example  of  extensive  inspection  and  training,  the  ICl  Plant  at  Wilton, 
U.K.,  requires  that  all  cheiiiic.il  haulers  be  evaluated  every  2  years  and  their  management,  vehicles, 
driver  training,  whose  control,  and  maintentince  standards  be  examined  in  dettiil  by  a  two-man  team. 
If  they  are  found  to  be  below  standard,  the  hauler  is  not  allowed  to  operate  for  at  least  .4  months.''"' 
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15,4  LARGE-SCALE  TEST  F.ACILITIES 

The  Liquefied  Gaseou.s  Fuels  (LGE)  Spills  Test  Facility  began  operations  in  the  summer  of 
19<S6.  The  facility,  which  was  built  at  Frenchman’s  Flat  as  part  of  the  DOE  nuclear  test  site  in 
Nevada,*'’^  is  designed  to  test  materials  from  each  of  the  generic  categories:  cryogenic,  aerosol 
forming,  chemically  reactive,  isothermal  (high  pressure),  and  with  some  minor  modifications, 
superheated  liquids."^  The  design  c'f  the  plant  includes  the  following  facilities: 

1.  TTie  nitrogen  storage  and  supply  system  provides  drive,  cooldown,  and  purge  gas  to  the 
entire  plant.  The  source  of  nitrogen  gas  is  a  liquid  nitrogen  (low-pressure)  storage  tank  with  a 
high-pressure  cryogenic  discharge  pump.  The  vaporizer  is  an  atmospherically  heated  unit.  'Fhe 
liquid  nitrogen  or  cold  nitrogen  gas  is  used  to  precool  the  cryogenic  piping  and  tankage  prior  to 
introduction  of  fluids  into  the  system. 

2.  The  crvogcnic  spill  system  consists  of  means  for  receiving  and  storing  cryogenic  fluids  and 
for  discharge  of  the  fluids  at  the  spill  point.  Each  of  the  two  cryogenic  tanks  has  a  capacity  of 
26,(XX]  gal.  The  cryogenic  storage  tanks  arc  provided  with  valves  and  piping  used  for  unloading  test 
fluid  into  the  storage  tanks  and  transferring  fluids  from  one  tank  to  another. 

3.  The  nonctyogcnic  fluid  spill  system  is  used  to  test  fluids  that  are  not  stored  at  cryogenic 
conditions.  The  storage  tank  reserved  for  this  purpose  is  a  24,(XX)-gal  vessel  of  carbon  steel 
construction  and  works  at  a  pressure  of  3()0  psig. 

4.  The  vent  system  consists  of  a  gathering  header  and  a  400-ft-long  transport  header  that 
discharge  into  the  base  of  a  4()-ft-high  vent  stack.  This  system  is  designed  and  sized  to  transport 
vented  gases  from  any  of  the  test  fluids  .systems  at  the  maximum  flow  rate  anticipated  during 
off-normal  conditions. 

5.  The  command,  control,  and  data  acquisition  system  serves  as  the  overall  control  center  for 
the  spill  facility,  including  the  data  acquisition  system.  The  system  consists  of  modern  industrial 
control  computer  hardware  and  software  of  proven  reliability  and  performance,  plus  the  liquefied 
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Has  t'acilit\  acquisition  s\sicni. 

The  facility  h;is  been  dcsi^incd  to  ha\c  the  capabilities  necessar\'  to  meet  the  testing  needs  of 
its  potential  users  and  is  etipable  ttf  reproducing  actual  sizes  and  rates  of  accidental  releases  as 
closely  as  possible  using  the  actual  material.%  of  concern.  The  facility  will  allow  tests  such  as  pool 
fires  (im  water)  and  rapid  phase  transitions,  which  require  the  discharge  of  test  fluids  on  water. 
I'he  tacility  will  ttccommodate,  with  some  mirdifications,  those  tests  of  liquid  gaseous  fucld  (LGFs) 
which,  by  their  ntiture,  require  an  extremely  rapid  or  explosive  release  ttf  test  fluids  into  the 
atmosphere. 

Two  tests  vsere  conducted  (September  19,S6)  there  by  the  Amoco  Corporation,  and  DOE 
expected  more  companies  to  use  the  lacility  in  1987.’'^  Amoco  completed  two  tests  releasing 
anhydrous  hydrtyeen  lluoride  into  the  air.  In  each  test,  a  controlled  spill  of  KKX)  gal  was  made,  one 
lasting  3  minutes  and  the  other  6  min.  According  to  DOE.  the  vapors  dispersed  rapidly  and 
traseled  only  about  19(K)  ft  before  completely  disappearing  well  within  the  boundaries  of  the  test 
site. 

The  weather  conditions  will  allow  tests  at  the  facility  only  from  the  beginning  of  April  until  the 
end  of  September  Since  a  major  purpose  for  the  construction  of  the  test  facility  is  to  provide  a 
site  for  private  sector-funded  research  and  development,  industrial  involvement  is  mandatory. 
Individual  corporations  may  participate  through  trade  a.ssociation-uscr  groups  or  on  an  individual 
basis. 

15.5  .MISCELLANEOUS  COUNTERMEASURES 

Adaptations  of  equipment  and  procedures  under  development  for  other  applications  could  be 
potential  solutions  to  the  problem  of  hazardous  substances.  Several  examples  such  as  remotely 
operated  equipment,  advanced  computer  programs  ba.sed  on  artificial  intelligence  technology,  and 
controlled  burning  of  escaped  chemicals  arc  described. 


15.5.1  RcmcMclv  Operated  Rcspi'n^c  F.quipmcnl 


The  automation  and  remote  eontrol  teehnolog\  that  has  been  eommern  and  essential  in  handling 
hazardous  materials  for  years  is  now  just  beginning  to  appear  in  firefighting  teehnology.'*’  The  Snail 
is  typical  of  a  new  generaiicm  of  remote  eontrol  firefighting  devices,  frequently  dubbed  robots,  that 
are  being  developed  for  the  firefighters  of  today.  The  Snail  is  a  tracked,  battery-operated  device 
eontroiled  by  an  umbilical  cable  on  which  is  mounted  a  similarly  remote  controlled  nozzle.  The 
nozzle  can  operate  through  a  full  range  of  patterns  from  "on"  and  "off  to  a  straight  stream  or  any 
fog  pattern.  At  present,  its  capability  includes  the  ability  to  drag  4(K)  ft  of  charged  2-in.  hose.  The 
operator  controls  it  from  a  belt-earryahle  console  strapped  to  his  waist  through  an  umbilical  cable; 
he  can  stand  about  150  ft  away  from  the  Snail  itself.  This  is  far  enough  away  to  be  shielded  from 
the  usual  effects  of  heat  but  not  far  enough  for  some  blast  effects  unless  he  has  additional  shielding. 
TTe  Snail  has  the  advantage  of  being  lightweight  and  flexible.  It  would  also  be  an  economical  unit 
to  construct,  being  potentially  available  at  a  price  many  fire  departments  could  afford.'” 

Another  unit,  the  Fire  Cat,  which  is  now  commercially  available,  it  can  drag  15(X)  ft  ofho.se  and 
can  be  operated  by  radio  from  a  similar  distance.  Maneuverable  up  to  a  6(r  grade  and  able  to 
travel  5  mph,  it  can  achieve  a  water  discharge  of  12(X)  gal/min.” 

The  usefulness  of  these  two  devices  to  responders  of  hazardous  material  emergencies  could 
include  many  tasks  that  require  closeup  manipulations  such  as  mechanical  cover  installation.  In 
these  two  devices,  the  Fire  Cat  appears  to  be  consideiably  more  powerful  in  terms  of  water 
application,  safe  distance  between  the  operator  and  machine,  and  speed.  The  Snail,  on  the  other 
hand,  has  an  enhanced  portability  due  to  its  lighter  weight  and  is  less  costly  to  build.  It  is  not  yet 
on  the  market,  although  it  can  be  leased  through  its  builder.  Foreign  devices,  such  as  the  one 
developed  for  the  Yokohama,  Japan,  Fire  Department,  arc  wheeled  instead  of  tracked  and  have  a 
generally  vertiail  rather  than  horizontal  configuration.  Television  viewing  capability  has  been 


installed. 
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Another  unit  under  eonstruetion  in  Frankfurt,  Germany,  resembles  a  tanker  with  a  cab  at  both 
ends.  Underneath  the  truck  in  the  center  arc  two  compartments  that  arc  used  to  house  remotely 
controlled  devices.  The  remote  devices  are  intended  to  be  primarily  foam  handling  units  but  could 
alst)  handle  water. 

The  robots  of  the  United  States,  Germany,  and  Japan  are  only  one  phase  of  the  automated 
control  devices  that  arc  being  developed  and  will  be  of  great  assistance  in  handling  of  hazardous 
materials  spills.  Guided  vehicles  have  been  fabricated  in  the  United  States  to  improve 
manufacturing  productivity  that  could  very  well  be  suited  for  use  as  remote  units  during  hazardous 
material  accidents.  Examples  of  this  type  of  vehicle  are  cited  in  the  literature.'*® 

Although  not  yet  commercially  available  for  hazardous  accident  control,  a  robot  arm  mounted 
on  a  computerized  mobile  unit  could  be  utilized  for  patching  and  plugging  purposes.  The  elements 
that  comprise  this  module  are  in  an  advanced  state  of  development.  There  are  several  models  of 
electronic  arms  as  well  as  mobile  units  that  have  reached  commercial  availability.'*®  Little  additional 
effort  would  be  nece.ssary  to  put  these  modules  together  to  produce  the  first  prototype  of  a  hazmat 
remote  vehicle. 

15.5.2  Advanced  Computer  Systems 

One  of  the  major  recent  developments  in  technology  is  the  accessibility  of  small  efficient 
computers.  Personal  computers  have  become  a  prominent  aid  to  problem  solving.  Many  different 
software  packages  have  been  developed.  In  particular,  small  expert  programs  could  be  developed 
that  would  provide  rapid  preliminary  solutions  to  particular  emergency  situations.  Small  computers 
in  emergency  vans  could  be  al.so  connected  to  a  large  central  computer  having  a  central  expert 
system  that  would  indicate,  in  a  brief  period  of  time,  the  emergency  response  measures  to  be  taken 
immediately  to  mitigate  a  large  variety  of  situations. 


15.5.3  Controlled  Burning  of  Hazardous  Suhstancc  Releases 

Although  controlled  burning  of  hazardous  vapors  from  volatile  chemical  spills  is  a  known 

countermeasure,  information  concerning  the  methodology  and  the  situations  where  it  can  be  applied 

is  scarce.  The  CHRIS  Manual*'  which  was  developed  for  waterways  spills  states  that: 

Burning-off  is  one  of  the  most  dangerous  treatment  operations.  Burning  should  only  be 
considered  when  it  can  be  determined  that  the  risks  to  people  would  be  greater  if  burning 
were  not  attempted.  Changing  meteorological  conditions  or  water  surface  currents  can 
create  hazardous  conditions  during  burnoff. 

Conditions  where  burning  may  be  considered  include: 

1.  during  the  disposal  of  floating  flammable  liquids, 

2.  when  the  travel  of  fiammabic  gases  must  be  stopped  in  order  to  localize  the  hazard. 

3.  in  cases  where  well-established  plans  for  burning  have  been  developed  prior  to  the  accident, 
and 

4.  when  the  potential  for  an  explosion,  BLEVE,  or  generation  of  lethal  combustion  gases  has 
been  clearly  ruled  out  under  all  possible  circumstances. 

The  CHRIS  Manual  indicates  that  there  is  a  lack  of  knowledge  and  experience  concerning 
controlled  burning  and  that  assistance  from  experts  should  be  obtained  prior  to  any  intentional 
ignition  attempt.*'  Thus,  it  appears  that  investigation  of  this  technique  for  a  variety  of  extremely 
high  risk  chemicals  should  be  implemented.  Results  of  such  a  study  could  include: 

1.  guidance  as  to  which  chemicals  can  be  safely  burned  under  emergency  spill  conditions, 

2.  conditions  under  which  the  above  chemicals  can  be  safely  burned,  under  controlled  conditions, 

3.  procedures  for  igniting  and  controlling  the  combustion  during  a  controlled  burn, 

4.  A  review  of  the  types  of  location  and  the  meteorological  conditions  when  controlled  burns 
should  never  be  attempted. 


5.  A  review  of  current  industrial  practices  and  standards  for  controlled  burns,  and 

6.  Development  of  mechanical  devices  for  improving  the  safety  of  controlled  burns. 
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7  Procedures  for  interrupting  contrtdled  burning  if  circumstances  change  during  an  emergency 
or  controlled  non-emergenc7. 

In  our  judgment,  implementation  of  the  above  recommendations  should  help  establish  whether 
this  technology  is  a  feasible  countermeasure  for  hazardous  chemical  releases. 
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16  METHODOLOGY  FOR  RANKING  OF  CHEMICAL  HAZARDS 

A  system  for  developing  a  uniform  approach  to  the  measurement  of  the  relative  threat  from 
various  hazardous  chemicals  was  a  principal  element  in  the  work  statement  (Sect.  1).  This  approach 
is  needed  because  of  the  wide  diversity  in  these  materials  with  respect  to: 

1.  toxicity  level  as  airborne  gases,  vapors,  or  aerosols; 

2.  fire  and  explosive  potential; 

3.  mobility  of  the  substance  after  release; 

4.  domestic  production  and  location  of  major  production  plants;  and 

5.  domestic  shipments. 

Numerous  attempts  have  been  made  to  rank  haz^ardous  chemicals  with  respect  to  one  or  more 
of  the  above  criteria,  but  to  our  knowledge,  none  has  included  all  of  them.  The  Comprehensive 
Environmental  Response  and  Liability  Act  of  1980  (CERCLA)  established  methodology  for  setting 
priorities  for  remedial  action  at  chemical  waste  sites  in  the  United  States.”®  Included  among  the 
criteria  established  was  the  hazard  potential  of  the  stored  chemicals  and  the  relative  risk  to  nearby 
population.  This  "Hazard  Ranking  System"  for  determining  the  relative  risks  of  the  stored  chemicals 
included  the  following  criteria  for  "air  route  releases": 

1.  substance  reactivity  and  incompatibility, 

2.  substance  toxicity, 

3.  hazardous-waste  quantity,  and 

4.  targets  population  within  a  4-mile  radius. 

Although  this  method  of  ranking  is  applicable  only  to  CERCLA  waste  sites,  portions  of  the 
methodology  were  used  in  developing  our  proposed  system. 

The  ERA  Industrial  Research  Laboratory  developed  a  "Haz.ard  Potential"  system  for  comparing 
chemical  spills  on  a  scale  of  1  to  10.  This  system  included  consideration  of  quantities  of  material 
released  and  the  toxicity  of  the  material;  however,  it  did  not  include  measures  for  the  relative 
mobility  or  fire  and  explosive  characteristics  of  the  substance.  The  importance  of  the  latter  two 
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measures  is  emphasized  by  data  that  indieatc  that  flammability  and  explosivity  arc  associated  with 
most  of  the  fatalities  in  the  AF^E  data  base. 

In  the  private  sector,  the  Dow  Chemical  Company  has  developed  a  procedure  for  estimating 
the  risk  in  terms  of  the  maximum  probable  property  damage  that  might  occur  from  a  chemical  plant 
fire  or  explosion.  Included  in  the  methodology  is  a  method  for  determining  a  "material  factor"  for 
various  chemicals  which  is  a  measure  of  the  intensity  of  energy  release  from  a  chemical  compound 
during  a  fire  or  explosion.  Consideration  of  its  chemical  toxicity  is  not  included  because  the 
procedure  is  concerned  only  with  property  damage.  The  procedure  involves  using  the  National  Fire 
Protection  Agenc7’s  (NFPA)  flammability  factor  (Nf)  and  reactivity  factor  (NR)  for  the  chemicals 
to  determine  the  material  factors  denoted  by  a  number  ranging  from  1  to  40.  For  materials  with 
unknown  NFPA  factors,  the  flammability  can  be  derived  from  the  flash  point  and  the  reactivity  from 
the  decomposition  temperature  or  other  properties.  For  this  analysis,  a  decision  was  made  to  use 
the  NFPA  flammability  (Nf),  reactivity  (NR),  and  health  (NH)  ratings  for  the  various  chemicals 
examined.  Details  of  the  definitions  for  each  of  these  ratings  are  discussed  below, 

16.1  TOXICITY  LEVEL 

Recently,  EPA  published  a  list  of  405  acutely  toxic  chemicals*  as  part  of  their  Emergency 
Preparedness  Plan  intended  to  help  communities  to  become  aware  of  the  toxic  chemicals  produced 
or  transported  through  their  areas.  The  criteria  used  to  select  this  list  arc  tabulated  in  Table  31 
(Sect.  14.7.1.1). 

EPA  also  included  26  chemicals  that  did  not  meet  these  criteria  but  are  produced  and 
transported  in  such  large  quantities  as  to  constitute  significant  hazards.  All  of  the  volatile 
compounds  in  this  group  arc  included  in  the  chemicals  selected  for  ranking  in  Sect.  7.  This  EPA 
lifting  is  probably  the  most  comprehensive  tabulation  of  acutely  toxic  chemicals  produced  on  an 
industrial  scale  in  the  United  States  and  has  served  as  the  basis  for  selection  of  the  chemicals  in 


Sect.  7  for  ranking  purposes. 
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The  rating  scheme  proposed  for  toxicity  in  this  study  is  that  developed  by  the  NFPA,  An 
abbreviated  description  of  the  ratings  h)llows:'''* 

Rating  Description  for  materials  within  rating 

0  No  health  hazard  beyond  that  of  ordinary  combustible 

materials 

1  Slightly  hazardous  to  health;  self-contained  breathing 
apparatus  desirable 

2  Hazardous  to  health;  use  self-contained  breathing 
apparatus 

3  Extremely  hazardous  to  health;  use  full  protective 
clothing  and  self-contained  breathing  apparatus 

4  A  few  whiffs  of  material  cause  death;  normal  protective 
clothing  not  adequate;  use  special  equipment  designed 
for  specific  chemical 

Levels  of  the  NFPA  ratings  and  the  associated  toxicity  data  for  the  chemicals  selected  for 


rating  are  presented  in  Sect.  7. 
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16.2  FIRE  AND  EXPLOSIVE  HAZARDS 

The  NFPA  flammahility  ratings  used  for  the  fire  hazard  are  deserihed  as  follows;'"' 

Rating  Deseription  of  materials  within  rating 

0  Normally  stable  even  in  a  fire  and  not  reactive  with  water 

1  Normally  stable  but  beeome  reactive  at  high  temperature 
and  pressures,  or  react  with  water 

2  Normally  unstable  and  will  explode  but  d(^es  not  detonate 

3  Capable  of  detonation  or  explosive  decomposition  but 
requires  strong  initiating  source  or  must  be  heated 
when  confined  before  initiation 

4  Capable  of  detonation  or  explosive  decomposition  at  normal 
temperature  and  pressures;  sensitive  to  mechanical  or 
localized  thermal  shock 

The  NFPA  flammability  and  reactivity  ratings  for  the  selected  chemicals  are  tabulated  in 
Sect.  7. 

16.3  MOBILITY  IN  THE  ATMOSPHERE 

In  order  for  a  hazardous  chemical  to  be  dispersed  from  a  source,  it  would  either  have  to  be 
volatilized  as  a  vapor  or  dispersed  as  a  mist,  aerosol,  or  dust  by  an  explosion,  fire,  rapid  reaction, 
or  rapid  pressure  release  when  mixed  with  a  volatile  gas.  The  latter  situation  occurred  at  Institute, 
West  Virginia,  on  August  11,  1985  (see  Sect.  2.3),  when  aldecarb  oxime  was  dispersed  in  volatile 
methylene  chloride  vapor  as  it  was  accidentally  released  from  a  storage  vessel.  Fires  such  as  the 
pesticide  fire  that  occurred  at  the  Dre.xel  Chemical  Company  near  Memphis,  Tennessee,  can  spread 
nonvolatile  toxic  chemicals  in  the  smoke  plume.’'’ 


The  following  is  proposed  for  the  mohiliiy  rating  of  vrtlatile  substances  that  could  form  gases 
or  vapors  upon  release: 

Rating  Mttbilitv 

(1  Verv  low  vrdalility;  nitrmal  B.P.  >  3(KT'F 

1  Low  volatility;  normal  B.P.  <  .^OO'F  >  150"F 

2  Moderately  volatile;  B.P.  <  15l)''F  >  9()'F 

3  Very  volatile;  B.P.  <  9()''F  >  20'  F 

4  Normally  a  gas;  B.P.  <  20''F 

This  rating  must  also  account  for  mobility  in  cases  where  the  substance  has  a  htw  vcdatility  but 
might  scatter  aerosols  \ia  a  fire  or  explosion.  This  is  accomplished  by  setting  the  mobility  rating 
equal  to  the  maximum  rating  value  of  either  the  mobility  value  via  vedatility  or  the  fire  value  or  the 
reactivity  values.  For  example,  if  a  substance  had  a  low  volatility  (rating  =  1)  and  an  explosion 
rating  of  3.  then  the  mobility  rating  would  also  be  .set  at  3.  If  it  had  a  fire  rating  of  4.  then  the 
mobility  rating  would  also  be  set  at  4. 
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16.4  DOMESTIC  PRODUCTION  LOCATION 


The  actual  threat  from  domestic  production  of  hazardous  chemicals  is  related  primarily  to  the 
average  amounts  held  in  invcnto.y  at  each  plant  site  times  the  number  of  operating  plants  close  to 
population  centers.  However,  in  the  absence  of  operating  plant  inventory  data,  information  on  the 
total  domestic  capacity,  average  plant  size,  and  location  must  be  used  to  develop  ratings  for 
production.  In  Fig.  1  (Sect,  the  frequency  data  for  28  chemicals  show  a  trend  of  increasing 

numbers  of  releases  with  annual  production.  Based  on  this  observation,  the  following  arbitrary 
rating  scale  for  production  is  proposed: 


16.5  DOMESTIC  SHIPMENTS 

In  a  manner  similar  to  the  production  and  storage  of  hazardous  chemicals  at  plant  sites, 
shipments  presently  constitute  cttmparable  risks  but  arc  more  complex  to  evaluate.  Exactly  where 
and  how  much  is  being  transported  and  on  what  type  of  vehicle  arc  not  known  at  present.  The 
Office  of  Technology  zXssessment  estimates  that  the  number  of  hazardous  shipments  by  land,  sea, 
and  air  amount  to  about  5()().(MK)  per  day.^'  Since  very  few  data  are  available  on  shipments  of 
hazardous  chemicals,  the  full  rttnge  of  the  quaniiiaiive  risks  involved  atnnot  be  determined. 


This  essentially  assumes  that  all  exports  and  imports  (for  which  some  data  arc  available)  a.c  shipped 
and  that  about  50%  of  the  annual  production  (less  exports)  is  also  shipped.  This  method  usually 
results  in  a  shipping  ranking  equal  to  the  production  rating. 
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2.  Where  data  were  available  for  produeiion,  import,  and  export  rates  prior  to  1984,  a 
annual  inerease  was  assumed  to  determine  the  values  for  1984. 

Although  these  assumptions  represent  only  rough  approximations,  they  arc  used  only  for 
establishing  relative  levels  between  the  chemical  production  and  shipping  rates  and  thus  appear 
justified. 

16.6  OVER.ALL  RATING  PROCEDURE 

The  expression  developed  for  the  overall  ranking  of  the  selected  chemicals  is: 

OR  =  |NH  ’  MH  +  Nf  ♦  Mf  +  NR  ♦  MR] 

*  [NM  *  MM  *  (NP  *  MP  +  NS  *  MS)], 

where 


OR  =  overall  rating  for  each  chemical. 


Factor 

Individual  ratine 

Multiplier 

Toxicity 

NH 

MH  =  2 

Fire 

Nf 

Mf  =  1 

Explosive 

NR 

MR  =  1 

Mobility 

Max(NM,  Nf,  NR) 

MM  = 

Production 

NP 

MP  =  1 

Shipment 

NS 

MS  =  1 

This  procedure  represents  an  entirely  arbitrary  ranking  system.  The  methodology  expresses  the 
overall  ranking  as  a  product  of  the  intensive  hazard  ratings  (toxicity,  fire,  and  explosion)  and  the 
extensive  quantity  ratings  (production  and  shipment).  The  mobility  rating  times  its  multiplier  serv'es 
as  an  adjustment  to  the  quantity  ratings.  Also,  since  niobility  can  be  achieved  by  cither  high 
volatility  or  a  fire  or  explosion  which  could  scatter  the  material  as  as  aerosol,  the  mobility  rating 
used  is  the  maximum  of  NM  (mobility  via  volatility)  or  NR  (explosive  rating)  or  Nf  (fire  rating). 
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After  detcrinination  of  the  overall  ranking  (OR)  values  for  all  the  ehemieals,  the  maximum 
value  of  OR  is  selected  and  normali/ed  percentage  valuc;s  (based  on  maximum  value  =  KXf)  for  the 
remaining  materials  are  calculated.  TTie  ehemieals  are  (hen  arranged  in  four  groups  having  a 
descending  order  of  overall  ranking  as  described  in  Sect.  7. 


17  PROPOSED  HAZARDOUS  MATERIALS  RATING  SYSTEM 


In  order  to  test  the  rating  system  for  hazardous  materials  deserihed  in  Seet.  6,  haziirdous 
ehemieals  were  seleeted  from  the  EPA  list  of  405  toxic  chemicals  and  from  other  sources  of 
hazardous  materials  data  such  as  the  AHE.'  A  data  base  for  these  materials  was  then  developed, 
and  the  proposed  procedure  was  used  to  rank  them  into  four  groups  having  a  descending  order  of 
relative  risk. 

17.1  SELECTION  OF  HAZARDOUS  MATERIALS 

Table  ?4  lists  the  chemicals  selected  for  the  ranking  procedure  along  with  their  ratings  for  each 
categorx'.  All  of  these  chemicals  arc  considered  toxic;  however,  some  were  included  in  the  EPA  list 
as  "compounds  considered  hazardous  but  do  not  meet  the  criteria  for  acute  poisons"  and  arc  so 
designaicu.  Many  materials  such  as  methyl  chloiide,  MIBK  solvent,  carbon  monoxide,  liquid  oxygen, 
gasoline,  propane,  etc.,  were  not  included  in  the  EPA  list.  A  number  of  these  materials  were  shown 
to  be  hazardous  in  the  AHE  report  but  were  not  included  in  the  EPA  list  of  405  toxic  chemicals. 
The  range  of  variables  used  as  criteria  for  selection  of  these  materials  is  as  follows: 

1.  very  acute  to  low  toxicity, 

2.  large  bulk  industrial  chemicals  to  low  annual  production  rate  chemicals, 

?>.  highly  flammahle/explosive  to  relatively  nonflammable/reactivc  materials, 

4.  materials  listed  in  the  AHE  as  causes  of  gross  to  zero  numbers  of  injuries  or  death  during  1980 
and  1985,  and 

5.  very  volatile  (mobile)  to  slightly  volatile  chemicals. 

Data  for  the  various  NFPA  ratings  and  production  rates  were  ttbtained  from  the  ORNL 
ToxicoUtgy  Data  Basc,'^’  the  SRI  1984  Directory  of  Chemical  Producers."^  Shreve’s  Chemical  Process 
Industries.'^'  Chemical  and  Engineering  News,'^-  and  the  Census  of  Manufacturers.'^'  Dow  Chemical 
developed  a  list  of  "material  factors"  for  most  of  the  chemicals  selected."’  This  list  also  includes 
NFPA  ratings  for  health,  flammability,  and  reactivity;  however,  in  some  cases,  these  ratings  were 
increased,  based  on  Dow’s  experience,  and  for  this  study  the  higher  ratings  were  selected. 
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Consideration  was  also  given  to  the  inelusion  of  perfluoroisobutylene  (PFIB)  as  an  extremely 
toxic  chemical  ten  times  as  toxic  as  phosgene  as  a  pulmonary  irritant.'^*’  It  is  not  listed  in  the  EPA 
acutely  toxic  chemical  list  is  included  in  Sax'”  as  having  an  LC^q  of  0.5  ppm/6  h  for  rats.  Arito'^* 
has  identified  PFIB  as  a  pyrolysis  product  of  polytetrafluoroethylene  (Teflon)  when  heated  in  a 
nitrogen  stream  at  a  temperature  of  5(X)"C  or  higher;  however,  heating  in  an  air  stream  did  not 
produce  measurable  levels  of  PFIB.  Thermal  degradation  of  Teflon  has  been  known  to  cause 
"polymer  fume  fever,"  an  influenza-like  syndrome,  due  to  inhalation  of  the  pyrolysis  products. 
Nevertheless,  whether  PFIB  is  partially  responsible  for  this  reaction  has  not  been  established. 

Data  on  industrial  production  of  PFIB  arc  not  available.  Chem  Sources  -  USA  (1984V”  lists 
one  supplier,  SCM  Specialty  Chemicals,  Gainesville,  Florida,  but  a  phone  call  revealed  that  they  no 
longer  sell  it  and  did  not  know  of  any  other  suppliers  in  the  United  States.  Therefore,  it  was  not 
possible  to  include  PFIB  in  the  rating  system. 

17.2  OVERALL  CATEGORIZATION  OF  HAZARDOUS  MATERIALS 

The  rating  system  for  hazardous  materials  described  in  Sect.  16  is  useful  to  either  rank  the 
materials  with  respect  to  their  relative  risks  or  to  group  them  into  categories  that  represent 
decreasing  levels  of  risk  to  the  general  public.  The  latter  method  was  selected  because  it  relieves 
local  planning  committees  from  forming  judgments  as  to  the  real  levels  of  risk  for  chemicals  when 
they  arc  simply  ranked  in  a  descending  order  of  relative  risk.  The  following  categories  were  selected 
for  this  procedure; 


Overall 

ratine  ranee 

Very  high  risk 

72  -  Max. 

High  risk 

48  -  <72 

Moderate  risk 

32  -  <48 

Lc.sscr  risk 

0  -  <32 
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17.2.1  Very'  High  Risk  Materials 

This  category  includes  those  chemicals  with  high  individual  ratings  ft)r  toxicity  and/or  fire  and 
explosion,  large  production  and  shipment  levels,  and  high  mobility  when  released  from  confinement. 
For  example,  chlorine  has  individual  ratings  of  3,  1,  1,  4,  4,  and  4  for  toxicity,  fire,  explosion, 
mobility,  production,  and  shipment,  respectively,  which  results  in  an  overall  rating  of  128.  Propane 
has  an  overall  rating  of  72  resulting  from  individual  ratings  of  1,  4,  0,  4,  3,  and  3  as  de.scribed 
above.  Most  of  the  materials  in  this  category  arc  either  extremely  dangerous  and/or  arc  produced 
and  shipped  in  large  quantities. 

17.2.2  High  Risk  Materials 

This  category  also  includes  chemicals  that  are  either  produced  and  shipped  in  large  quantities  but 
have  lower  rating  values  for  toxicity,  fire,  and./or  explosion,  or  have  lower  production  and  shipping 
levels  but  high  values  for  the  hazards  ratings  (toxicity,  fire,  and  explosion).  An  example  of  the  latter 
is  tetraethyl  lead,  which  has  ratings  of  3,  3,  3,  3,  2,  and  2  for  toxicity,  fire,  explosion,  mobility, 
production,  and  shipment,  respectively. 

17.2.3  Moderate  Risk  Materials 

This  category  has  a  range  of  overall  ratings  from  32  to  <48.  Included  arc  materials  that  have 
the  lowest  levels  of  production  and  shipment  but  high  hazards  levels.  Several  very  high  production 
and  shipment  materials  arc  also  included,  but  their  hazards  levels  arc  quite  low. 

17.2.4  Lc.sscr  Risk  Materials 

This  category  includes  those  materials  with  an  overall  rating  from  0  to  <32.  It  includes  those 
chemicals  that  have  one  or  more  hazards  ratings  above  0,  and  produclion/shipmcnt  ratings  that 
generally  range  in  the  1  to  2  levels.  In  some  cases,  the  overall  ratings  are  0  because  they  are 
relatively  nonvolatile  (mobility  rating  =  0)  even  though  they  may  have  a  significant  toxicity  rating. 
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17,3  RESULTS  OF  MATERIAL  CATEGORIZATION 

Ciitcgori/ation  of  the  I2I  materials  selected  into  the  four  categories  described  in  Sect.  17.2  is 
presented  in  Table  35.  No  attempt  is  made  to  rank  the  individual  materials  in  their  descending 
order  of  risk  within  each  categorv’  because  in  our  judgment  the  data  are  not  adequate  for  such  a 
refinement. 

Inclusion  of  all  the  chemicals  listed  in  the  EPA  CEPP,  along  with  other  materials  that  are 
hazardous  because  of  flammability  and'or  reactivity  (that  have  not  yet  been  included),  is 
recommended  as  a  further  extension  of  this  procedure.  Although  the  number  of  hazardous 
materials  listed  under  each  category  is  about  the  same  for  this  preliminary'  study,  extension  of  the 
complete  EPA  list  t'f  402  chemicals  would  probably  increase  the  number  of  moderate  risk  and  lower 
risk  materials  substantially.  This  initial  effort  attempted  primarily  to  identify  those  high 
production/highly  toxic  materials  that  were  more  probable  candidates  for  the  very  high  and  high  risk 
categories.  Benefits  to  be  derived  from  an  extension  of  this  system  include  the  following: 

1.  Local  and  regional  planning  committees  would  be  able  to  prioritize  their  planning  efforts 
around  those  materials  which  represented  the  highest  risks  to  the  local  population. 

2.  Facilities  that  produce,  consume,  or  store  the  higher  risk  materials  could  concentrate  their 
efforts  toward  reducing  the  risks  by  countermeasures  such  as  inventory  reduction,  substitute 
materials,  improved  containment,  etc.  (sec  Sect.  15.2). 

3.  Manufacturers  of  equipment  for  ha7.ardous  material  mitigation  could  concentrate  their 
development  efforts  on  those  materials  shown  to  be  the  most  risky  to  the  population. 

4.  This  system  would  provide  a  rational  basis  for  determining  the  relative  basis  of  population  risk 
for  new  chemicals  entering  the  market  place. 

5.  This  proposed  system  would  focus  attention  on  those  materials  in  the  data  base  which  have  the 
highest  probabilities  for  major  accidents  over  longer  periods  of  time.  Although  the  AHE  data 
base  records  past  experience  for  most  of  the  hazardous  materials  examined  here,  many  of  the 
frequencies  are  low  since  occurrence  of  serious  events  follows  a  random  pattern. 


I'able  (  alcgorl/alion  of  hazardous  materials  aceonJing  to  relative  risk 
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Toluene  2,4-diisocyanate 
Toluene  diisocyanale 
Trichloroethane-1,1,1 
Trichloroethane-1,1,2 
Trichloroethylene 


18  SUMMARY  AND  CONCLUSIONS  FOR  TECHNICAL  OPTIONS 


15.1  CHARACTERIZATION  OF  EMERGENCY  RELEASES 

A  review  of  the  principal  methods  eurrently  used  for  characterizing  the  nature  of  emergencies 
produced  a  wide  range  of  proposed  definitions.  The  three  typical  response  levels  -  a  potential 
emergency,  a  limited  emergency,  or  a  full  emergency  amdition  -  defined  by  the  NRT  Planning 
Guide  prttvide  guidelines  to  the  public  for  determining  the  extent  of  the  emergency.  Response 
recommendations  in  terms  of  the  emergency  contacts  to  be  made  are  also  included.  A  comparison 
of  the  NRT  Response  Levels  with  the  Nuclear  Emergency  Classifications  reveals  that  the  latter 
contains  four  levels  of  classification,  including  an  unusual-event  category.  This  alerts  responders  of 
potential  degradation  in  the  system  but  no  relea.se  of  radioactivity.  Consideration  of  the  addition 
of  this  level  to  hazardous  materials  emergencies  is  proposed  in  order  to  provide  notification  in  cases 
where  a  potential  emergency  exists  or  where  the  first  responder  is  unable  to  specify  the  level  of 
response  when  an  actual  release  has  occurred.  The  types  and  extent  of  response  required  arc  also 
included  in  the  NRT  Response  Level  definitions. 

18.2  TECHNICAL  BASIS  FOR  NEEDED  COUNTERMEASURES 

The  technical  issues  are  categorized,  and  their  technical  basis  is  defined  for  four  areas:  (1) 
prevention,  (2)  planning,  P)  response,  and  (4)  training.  The  technical  bases  cover  a  broad  range 
of  technical  activities  that  will  involve  experts  from  a  wide  variety  of  disciplines,  including 
engineering,  mathematics,  physics  and  chemistry,  education,  social  science,  and  medicine. 

18..^  EVALUATION  OF  AVAILABLE  RESOURCES 

Technical  countermeasures  for  the  mitigation  of  hazardous  materials  releases  include  a  wide 
variety  of  considerations,  such  as  emergency  equipment,  mathematical  models,  probabilistic  risk 
assc.ssments,  and  training  programs.  An  overview  of  the  resources  currently  available  to  local 
response  organizations  and  chemiajl  facilities  that  produce,  store,  or  transport  hazardous  materials 
has  been  developed  along  with  a  partial  identification  of  commercial  sources. 
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l.S.3.1  Vapcu  Hazard  C(Uiir(4 

Coniriil  nf  toxic  sapors  from  a  release  is  the  initial  line  of  defense  against  the  spread  and 
esentual  damage  to  the  public  health  that  would  occur.  Control  of  fires  and  explosions  has  equal 
priority  because  of  possible  dispersion  of  toxic  chemicals  and  the  general  safety  of  the  surrounding 
community.  Countermeasures  evaluated  include  mechanical  covers,  vapor  curtains,  induced  air 
movement,  gelling  equipment,  and  foam  systems. 

Three  basic  mechanical  cover  techniques  are  considered:  (1)  total  cover  of  the  spill  area  by 
cloth  or  other  continuous  material,  (2)  spray  of  a  continuous  cover  such  as  urethane,  and  (.^) 
buoyant  particles  that  can  be  floated  on  the  surface  to  reduce  vaporization.  Floating  cover 
assemblies  as  well  as  particulate  covers  but  are  available  commercially,  cost  may  be  a  deterrent  to 
the  latter  technique. 

Water  spray  barriers  can  achieve  worthwhile  enhancement  of  the  rate  of  dispersion  and  dilution 
of  heavy  gas  spills,  but  these  arc  practical  problems  with  this  technique.  Wind  direction  changes 
necessitate  the  u.se  of  barriers  wider  than  the  actual  vapor  cloud  and  may  require  frequent 
redeployment  of  the  equipment.  Sprays  have  been  shown  to  be  effective  in  reducing  the  flammable 
plume  size  downwind  of  LNG  spills. 

Simple  dilution  provides  a  direct  approach  toward  the  reduction  of  toxic  and  flammable  vapor 
concentration.  This  involves  the  transport  and  mixing  of  uncontaminated  air  with  the  released 
vapors.  Large  blower  equipment,  such  as  surplus  jet  engines,  is  available  eommercially  and  is 
currently  being  used  by  railroads  to  remove  snow  and  by  airports  to  disperse  fog. 

Gel  formation  on  the  surface  of  toxic  spills  has  been  used  for  liquid  immobilization  but  not  for 
vapor  hazard  control.  TTic  formation  of  a  gel  can  generally  reduce  the  vapor  concentrations  in  the 
air  over  a  spill;  however,  the  time  required  for  the  gelling  reactions  to  be  completed  is  a  limiting 
factor  in  the  application  of  this  technique  for  volatile  toxic  liquid  releases.  It  is  not  applicable  for 
releases  of  toxic  gases. 

Foams  have  the  ability  to  suppress  vaporization  when  applied  over  the  surface  of  a  vxtiatilc 


chcmiail.  The  feiam  forms  a  barrier  with  a  high  resistance  to  both  convective  and  molecular 
diffusion;  in  addition,  it  has  the  ability  to  absorb  the  vapors  to  a  certain  extent.  The  efficienc7  of 
vapor  suppression  depends  on  the  vapor  pressure  and  the  solubility  of  the  vaporizing  chemical  in 
water.  Foams  also  reduce  vaporization  by  insulating  the  chemical  from  solar  radiation  and  the 
ambient  air.  However,  foams  lose  their  effectiveness  for  vapor  suppression  due  to  aging  and  the 
effects  of  wind,  temperature,  humidity,  or  intensity  of  sunlight.  Additional  layers  of  foam  must  be 
applied  when  this  occurs. 

Results  of  vaporization  reduction  tests  (vaporization  reduction  is  the  ratio  of  actual 
concentration  in  the  ambient  air  using  foam  to  the  monitored  eoncenirations  for  free  vaporization) 
indicate  reductions  that  vary  between  40  and  9(Ky  over  duration  periods  up  to  120  min.  The  data 
for  ammonia  showed  reductitms  of  about  507r.  for  periods  up  to  120  mm.  Results  for  the 
flammability  suppre.ssion  by  foams  were  measured  in  terms  of  the  secure  time  before  ambient  air 
concentrations  reached  the  lower  expUrsive  limit  for  particular  flammable  chemicals.  Secure  times 
of  60  min  were  achieved  using  foam  depths  of  up  to  10  in.  In  summary,  we  conclude  that 
substantial  improvements  in  vapor  suppression  of  many  toxic  chemicals  must  be  improved  before 
this  method  can  be  considered  as  a  viable  countermeasure;  however,  foams  do  appear  to  be  quite 
effective  in  preventing  fires  during  the  release  of  certain  flammable  chemicals. 

18..4.2  Emereency  Equipment 

A  wide  variety  of  equipment  is  available  for  use  in  preventing  toxic  materials  spills  and  in 
responding  to  emergencies  that  involve  these  materials.  Many  of  these  items  are  included  in  the 
equipment  and  supplies  carried  by  emergency  response  teams  responsible  for  mitigij'ing  the  effects 
of  chemical  spills.  The  inventory  of  emergency  equipment  carried  by  the  Houston  Fire  Department 
Hazardous  Materials  Response  Vehicle  is  included  for  reference. 

Items  described  include  the  following: 

1.  chlorine  emergency  kits, 

2.  off-loading  pumping  .systems. 


3.  patching  and  plugging  equipment, 

4.  response  and  communications  equipment, 

5.  equipment  for  fires, 

6.  personal  safety  equipment,  and 

7.  labels  and  placards. 

In  addition  to  the  above  items,  inert-gas  systems  for  the  prevention  of  fires  and  explosions  in  vessels 
and  storage  tanks  arc  also  included. 

1S.3..3  Emereenev  Warning  and  Evacuation  Systems 

Emergency  warning  and  evacuation  systems  arc  of  utmost  importance  in  the  prevention  of 
injuries  and  fatalities  from  releases  of  toxic  chemicals.  In  the  case  of  fires  and  explosions,  warnings 
and  evacuations  may  be  less  effective  due  to  the  short  lead  times  and  the  possible  wide  area  effects. 
More  statutoiy  emphasis  should  be  placed  on  requiring  immediate  notification  and  evacuation  in 
instances  where  there  is  imminent  danger  of  a  fire  or  explosion  even  when  no  release  of  hazardous 
materials  has  occurred.  For  toxic  chemical  releases,  the  effectiveness  of  large-scale  evacuations  has 
been  shown  to  be  a  function  of  the  area  to  be  evacuated,  the  population  density,  and  the  warning 
time.  Warning  time  is  a  particularly  important  factor.  Other  issues  that  impact  the  effectiveness 
of  evacuations  include  uncertainties  in  the  physical  hazards,  uncertainties  in  the  warnings,  social 
factors,  organizational  factors,  and  certain  behavioral  factors.  In  general,  the  general  population  is 
more  likely  to  proceed  with  evacuation  when  they  perceive  the  situation  to  be  personally 
threatening.  However,  most  local  communities  are  not  well  prepared  for  evacuations,  and  disaster 
preparedness  for  chemical  emergencies  is  not  currently  accorded  high  priority  or  systematically 
addrc.sscd. 

Public  warning  systems  for  the  types  of  events  considered  must  not  only  warn  the  community 
but  should  also  provide  specific  directions  for  evacuation  and/or  sheltering.  Systems  that  are 
available  include  alerting  components  such  as  sirens,  bells,  whistles,  and  horns  plus  communication 
components  such  as  public  address,  telephone,  radio  and  TV  broadcasts.  Combined  alert  and 
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notilication  systems  arc  available  and  ate  used  at  certain  chemical  plants. 

The  determinatiem  of  the  /(me  to  he  evacuated  during  an  emergency  involves  complex 
procedures  that  are  dependent  on  many  factors.  Probably  the  most  cuTetive  systems  for  this 
determination  are  the  computerized  atmospheric  dispersion-emergency  response  programs  available 
commercially.  This  judgment  assumes  that  the  release  is  of  sufficient  duration  to  allow  operation 
of  the  computer  system.  Further,  operation  of  the  computer  in  a  real-time  mode  enables  periodic 
updating  of  the  vapor  cloud  locaticm,  composition,  and  predicted  direction  of  transport. 

In  the  absence  of  available  computerized  systems  or  in  cases  where  time  will  not  permit  their 
application  quick  estimates  of  the  emergency  respemse  zone  can  be  developed  by  using  a  variety  of 
published  methods.  These  include  evacuation  tables,  tables  of  maximum  distances  over  which 
hazardous  gases  may  be  harmful,  simple  mathematical  formula  for  estimating  an  evacuation  zone, 
and  charts  based  on  Gaussian  dispersion  equation  calculations.  Development  of  a  simple  low-eost 
hand  calculator  that  could  be  used  by  emergency  response  personnel  to  determine  emergency 
rcspon.sc  zones  is  recommended. 

As  an  alternative  to  evacuation,  in-place  sheltering  may  be  a  viable  means  of  self-protection  at 
large  distances  downwind  from  the  release  point  where  the  concentration  of  hazardous  material  is 
well  below  the  flammable  limits  but  may  still  be  toxic.  Calculations  indicate  that  for  short-time 
puffs  of  toxic  gases,  the  dose  to  inhabitants  of  typical  dwellings  would  be  one  or  two  orders  or 
magnitude  less  than  if  they  were  exposed  to  the  vapor  cloud  outside.  Although  the  dose  to  the 
inhabitants  short-term  is  low,  over  a  long  period  (hours)  the  dose  would  be  the  same  as  that  outside 
if  the  dwelling  is  not  opened  and  flushed  clean  as  soon  as  possible  after  the  cloud  has  passed.  If 
this  is  not  possible,  evacuation  from  the  contaminated  area  may  be  necessary. 

1 8. .4  Hazmat  MoniKtring  and  Ambient-Air  Dispersion  Modeling 

Response  to  a  recent  survey  of  monitoring  activities  by  various  chemical  plants  indicated  that 
over  45%  of  the  respondents  routinely  monitor  emi.ssion  of  chemicals  from  their  plants.  The 
following  methods  are  used: 
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1.  detection  of  odors  by  operating  personnel, 

2.  industrial  hygiene  monitoring, 

3.  portable  gas  detectors, 

4.  detector  tubes, 

5.  grab  samples, 

6.  fixed  point  continuous  monitors,  and 

7.  personal  dosimeters. 

Although  advances  in  technology  are  in  progress,  the  capability  is  not  currently  available  for 
measuring  all  hazardous  substances  in  the  ambient  air  using  a  single  system.  Various  instruments 
are  designed  for  different  chemicals,  but  for  the  most  part  the  chemical  species  and  its  expected 
concentration  range  must  be  specified  before  a  reliable  system  can  be  installed  for  emergency 
detection  and  monitoring.  The  survey  also  revealed  that  most  of  the  monitoring  done  by  chemical 
facilities  is  performed  within  the  process  unit  areas;  little  monitoring  is  done  at  the  plant  boundaries 
or  beyond. 

The  two  major  categories  of  monitors  are  point  sensors,  which  analyze  the  air  at  one  or  more 
locations  in  or  around  a  facility,  and  remote  sensors,  which  are  capable  of  continuously  monitoring 
an  entire  plant  area.  Point  sensors  that  were  reviewed  include  the  following: 

1.  ion  mobility  spectrometers, 

2.  amperometric  and  voltometric  analyzers, 

3.  colorimetric  analyzers, 

4.  flame  photometric  analyzers, 

5.  nondispersive  absorption  spectrometers, 

6.  dispersive  absorption  spectrometers, 

7.  fourier  transform  infrared  spectrometers,  and 


8. 


mass  spectrometers. 
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Remote  scanning  monitors  considered  include  the  following: 

1.  differntial  absorption  light  detection  anf^  "*nging  (DIAl  ),  and 

2.  lidar  systems. 

Portable  instruments  for  the  detection  of  toxic  or  flammable  chemical  leaks  that  were  also 
identified  include: 

1.  gas  detector  tubes, 

2.  combustible  gas  detectors,  and 

3.  portable  gas  chromatographs. 

Many  computer-based  dispersion  models  for  predicting  the  spatial  and  temporal  dispersion  of 
toxic  and  flammable  vapor  clouds  have  been  developed  and  are  now  commercially  available.  In 
addition  to  their  dispersion  capabilities,  certain  models  include  features  such  as;  inclusion  of  local 
emergency  action  plans,  graphical  displays  of  emergency  action  zones,  special  population  (hospitals, 
etc.)  needs  information,  facility  on-site  features  to  indicated  process  features  at  the  leak  location, 
and  emergency  plan  checklists  to  monitor  the  progress  of  an  emergency  response. 

A  recent  review  of  a  group  of  80  emergency  response  models  identified  ten  commercial 
emergency  response  systems.  Four  of  these  systems  were  then  subjected  to  detailed  evaluations, 
which  included  simulations  of  actual  dispersion  tests.  Results  of  these  comparisons  showed 
reasonable  agreement  for  several  models  and  identified  potential  problem  areas  in  others.  A  major 
deficiency  in  all  the  models  was  the  exclusion  of  simulations  for  chemical  reactions,  fires,  and 
explosions.  Seven  commercially  available  emergency  systems  are  identified,  and  their  features  and 
approximate  costs  are  compared. 

18.3.5  Haziirds  Evaluations  of  Processing  Facilities 

Predictive  Ha7.ards  Evaluations  (PHE)  is  the  title  given  to  a  group  of  procedures  used  for 
detailed  qualitative  and  quantitative  safety  studies  performed  on  chemical  processing  facilities.  They 
are  used  to  identify  and  evaluate  process  hazards  throughout  all  phases  of  the  life  of  a  facility: 


design,  construction,  startup  and  shutdown,  normal  operations,  and  plant  revisions.  PHE  have  been 


developed  and  used  extensively  over  the  past  10  years  by  chemical,  petrochemical,  and  petroleum 
refineries  throughout  the  world. 

The  procedures  that  have  been  developed  may  be  divided  into  two  categories:  (1)  those  which 
provide  ■dentification  of  the  specific  hazards  in  a  process  plant  and  (2)  a  group  of  quantitative 
mathematical  models  capable  of  estimating  the  risks  associated  with  both  normal  and  abnormal 
plant  operations. 

Predictive  Hazards  Analyses  (PHA)  range  from  simple  relatively  inexpensive  identification 
studies  to  very  detailed,  complex,  and  expensive  systems.  Decisions  as  to  which  systems  are  to  be 
employed  by  a  particular  plant  depend  primarily  on  the  levels  of  risk  existing  at  the  plant,  the 
complexity  of  the  proce.ss,  the  potential  for  serious  consequences  from  an  accident  to  the  plant 
personnel  and  the  local  community,  and  the  technical  and  financial  resources  available  to  the  plant 
management. 

Acceptance  of  PHA  systems  by  the  chemical  industry  varies  considerably  for  the  different 
methods.  Widespread  acceptance  has  occurred  for  Preliminary  Hazard  Analysis;  Failure,  Modes, 
Effects,  and  Criticality  Analysis;  and  the  HAZOP  procedure.  These  are  primarily  procedures  that 
force  the  plant  designer/operators  to  review  the  process  in  intensive  detail,  identify  those  areas 
where  significant  risks  exist,  and  provide  information  to  management  concerning  the  corrective 
actions  required.  A  partial  list  of  contractors  who  offer  PHA  services  to  the  chemical  industry  is 
included. 

18.,'^.6  Emergency  Response  Information  and  Data  Bases 

The  information  required  for  developing  of  local  community  emergency  response  plans  is  very 
extensive,  and  obtaining  it  can  consume  significant  amounts  of  time  and  rc.sourccs.  TTic  types  of 
information  ba.ses  to  be  developed  include: 

1.  hazardous  materials  properties  (toxicity,  flammability,  reactivity,  physical  properties,  etc.); 


2.  historical  data  on  hazmat  accidents;  and 

3.  inventories  and  materials  flow  for  hazmals. 

Several  excellent  data  bases  are  available  for  the  properties  of  hazardous  materials,  including 
the  EPA  List  of  "Extremely  Hazardous  Substances,"  the  Material  Safety  Data  Sheets  (MSDS),  the 
MEDLARS  Data  Base,  the  CHRIS  Hazardous  Chemical  Data  Base,  the  Association  of  American 
Railroads  Data  Base,  DOTs  Guidebook  for  Hazardous  Materials  Incidents,  and  NFPA’s  Fire 
Prevention  Guide  on  Hazardous  Materials. 

For  historical  data  on  major  hazmat  incidents,  the  most  complete  resource  is  the  EPA  Acute 
Haz.ardous  Events  Data  Base.  Transportation  events  are  recorded  under  the  DOT  Hazardous 
Materials  Information  System;  and,  by  law,  all  significant  hazmat  events  are  to  be  reported  to  and 
recorded  in  the  National  Response  Center  Data  Base.  This  data  base  will  probably  improve 
significantly  under  the  reporting  provisions  of  the  new  Sy\RA  Title  III  statute. 

The  only  federal  materials  flow  data  base  for  transportation  of  hazmats  is  the  Commodity 
Transportation  Survey.  However,  this  information  is  usually  aggregated  and  not  useful  for  specific 
materials  flows.  Data  concerning  hazmat  transput  ration  by  rail  or  by  water  are  available,  but  data 
for  truck  transport  are  far  less  plentiful.  Local  surveys  are  usually  required  to  determine  the  flows 
of  hazmats  through  local  communities  for  emergency  planning  purposes. 

18.3.7  Community  and  Facility  Planning  for  Toxic  Chemical  Emergencies 

Guides,  planning  procedure  handbooks,  and  reports  of  successful  planning  projects  haye  been 
developed  under  the  sponsorship  of  the  federal  government,  industry,  trade  organizations,  and 
private  engineering  organizations.  Descriptions  of  the  various  documents  available  for  planning 
operations,  along  with  a  partial  list  of  organizations  available  for  consulting  in  this  area,  are 


included. 
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1S.4  NEW  TECHNICAL  APPROACHES 

18.4.1  Prevention  of  Chemical  Accidcnt.s 

Increased  emphasis  has  been  placed  recently  on  the  technical  countermeasures  involved  in  the 
prevention  of  chemical  accidents  and  the  interaction  between  the  prevention  and  the  emergency 
response  aspects.  Technical  approaches  reviewed  in  the  area  of  prevention  include  the  following: 

1.  human  factors  in  accident  prevention, 

2.  prevention  at  chemical  production  and  storage  facilities, 

3.  prevention  through  education  and  certification,  and 

4.  community  awareness  programs. 

Prevention  countermeasures  that  appear  promising  for  existing  plants  include: 

1.  plant  risk  analysis  (HAZOP,  Failure  Mode  and  Effects,  etc.), 

2.  equipment  dcprc.ssuri/.ation  during  emergencies, 

3.  secondary  containment  systems, 

4.  reduction  of  toxic  material  inventories, 

5.  substitutes  for  hazardous  materials, 

6.  explosion  suppression  systems, 

7.  machinery  vibration  programs,  and 

8.  improvements  to  storage  systems. 

Many  of  these  countermeasures  have  already  been  implemented  in  certain  chemical  plants. 
Their  adoption  by  the  entire  sector  would  almost  certainly  improve  the  overall  safety  and  reliability 
of  the  processing  industry  and  significantly  reduce  the  frequency  of  chemical  releases. 

18.4.2  Detection  and  Warning  Systems 

Probably  the  most  critical  need  with  respect  to  detection  .systems  concerns  the  requirement  for 
a  remote  sensing  instrument  that  will  detect  releases  of  a  wide  range  of  chemicals  over  the  entire 
area  or  boundary  of  a  plant  site.  Instruments  arc  currently  available  to  perform  this  task  for  one 
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or  perhaps  several  chemieals  but  not  for  a  broad  range  of  materials.  Also,  they  are  not  currently 
capable  of  detecting  a  mixture  of  hazardous  materials  in  the  ambient  air.  Costs  for  the  available 
instruments  for  remote  sensing  are  very  high  and  probably  beyond  the  range  of  most  communities 
concerned  with  monitoring  local  highways,  truck  stops,  and  rail  yards.  The  only  realistic  detection 
systems  for  local  monitoring  appear  to  be  low-cost  point  sensors  for  particular  chemicals  such  as 
ammonia,  chlorine,  hydrogen  sulfide,  etc.  Selection  of  the  hazards  to  be  monitored  can  be 
accomplished  by  performing  a  hazards  evaluation  for  a  particular  community  and  by  identifying 
those  chemicals  that  are  most  likely  to  present  a  risk  to  the  community. 

18.4.3  Minimizing  Transportation  Risks 

Improved  data  and  information  systems  concerning  highway  and  rail  transportation  of  hazardous 
materials  are  probably  the  most  critical  countermeasures  needed  by  local  planning  committees.  Data 
are  not  currently  available  for  the  flow  of  these  materials  throughout  the  nation;  in  most  cases  they 
can  only  be  developed  through  local  surveys.  Many  communities  have  followed  this  approach,  but 
the  costs  arc  high  -  probably  beyond  the  resources  of  most  local  areas.  It  may  be  feasible  to  utilize 
the  data  required  by  the  new  SARA  Title  III  statute  to  develop  a  materials  flow  data  base,  and 
studies  of  this  potential  resource  are  recommended.  The  installation  of  adequate  monitoring  and 
warning  equipment  at  transportation  vehicle  concentration  points  such  as  rail  yards  and  truck  stops 
appears  to  be  a  critical  need.  Recent  experience  has  demonstrated  that  these  areas  are  probable 
locations  of  toxic  relea.ses,  and  they  represent  significant  risks  to  the  nearby  populations. 

Another  proposed  countermeasure  concerns  the  use  of  radio  warning  systems  installed  in 
vehicles  carrying  hazmats.  These  radios  would  be  activated  during  an  accident  and  would  give  first 
responders  a  description  of  the  cargo  and  provide  recommended  response  procedures  from  a  remote 
position.  It  is  suggested  that  this  countermeasure  would  permit  identification  of  the  cargo  much 
more  rapidly  and  remove  most  doubts  concerning  the  proper  procedures  to  be  used  in  response  to 
chemical  transportation  accidents. 
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Development  of  remotely  operated  emergeney  response  equipment,  advanced  computer 
programs  that  utilize  artificial  intelligence  for  emergency  response  situations,  and  investigation  of 
the  feasibility  of  controlled  burning  during  hazardous  chemical  releases  are  also  recomr^ended. 

18.5  METHODOLOGY  FOR  RANKING  OF  CHEMICAL  HAZARDS 

A  procedure  for  ensuring  a  uniform  approach  to  the  measurement  of  the  relative  threat  from 
various  chemicals  has  been  developed.  Such  as  approach  is  needed  because  of  the  wide  diversity 
in  these  materials.  The  procedure  takes  this  diversity  into  account  by  a.ssigning  ratings  for  toxicity, 
fire,  reactivity,  mobility,  domestic  production,  and  domestic  shipments  to  each  material.  Each  rating 
is  then  multiplied  by  an  importance  factor,  and  the  results  are  combined  mathematically  to  obtain 
an  overall  ranking  that  can  be  used  to  compare  the  relative  risks  for  each  material. 

The  rating  system  was  tested  on  120  hazardous  materials  selected  from  the  ERA  list  of 
''Extremely  Hazardous  Substances"  and  other  sourcc.s.  A  broad  range  of  variables  was  used  as  the 
criterion  for  selection  of  these  materials,  including  the  following: 

1.  very  acute  to  low  toxicity, 

2.  bulk  industrial  chemicals  to  low  annual  production  rate  chemicals, 

3.  highly  flammablc/cxplosivc  to  nonflammable/nonrcactivc  materials, 

4.  chemicals  that  have  caused  -  casualties  to  many  injuries  or  deaths  during  1980-85,  and 

5.  very  volatile  (mobile)  to  slightly  volatile  chemicals. 

Results  of  this  rating  system  arc  tabulated  in  the  following  four  categories,  representing 
descending  levels  of  relative  risk;  (1)  very  high  risk  materials,  (2)  high  risk  materials,  (3)  moderate 
risk  materials,  and  (4)  lesser  risk  materials.  No  attempt  was  made  toward  ranking  the  individual 
materials  within  their  individual  categories.  The  120  chemicals  selected  were  spread  roughly  equally 
among  the  four  categories. 

In  our  judgment  this  ranking  system  should  be  of  value  to  planners  responsible  for  selecting 
those  materials  which  represent  the  maximum  danger  to  their  local  communities  and  akso  for 
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determining  the  ha^'^rd  ranking  of  new  chemieals  entering  the  market.  Extension  of  this  proecdure 
to  the  entire  list  of  "Extremely  Hazardous  Materials"  is  recommended. 
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CMA 
CPG  1-3 

CPG  1-8 

CPG  1-8A 

CRC 


20  APPENDIX 
Glossary  of  Acronyms 


American  Association  of  Railroads 

Accreditation  Board  for  Engineering  Technology 

American  Institute  of  Chemical  Engineers 

American  Petroleum  Institute 

Boiling  Liquid  Expending  Vapor  Explosion 

CMA’s  Community  Awareness  and  Emergency  Response  Program 

EPA’s  Chemical  Emergency  Preparedness  Program 

Comprehensiye  Enyironmental  Response,  Compensation  and 
Recoyery  Act  (of  1976) 

U.S.  Code  of  Federal  Regulations 

A  mutual  aid  network  of  chemical  shippers  and  contractors. 
CHEMNET  has  more  than  fifty  participating  companies  with 
emergency  teams,  twenty-three  subscribers,  and  several  emergency 
response  contractors. 

OSHA  Chemical  Special  Emphasis  Program 

Chemical  Transportation  Emergency  Center  operated  by  the 
Chemical  Manufacturers  Association 

Chlorine  Emergency  Plan  operated  by  the  Chlorine  Institute 

Chemical  Hdzaros  Response  Information  System/Hazard  Assessment 
Computer  System  developed  by  the  U.S.  Coast  Guard.  HMACS 
is  a  computerized  model  of  the  four  CHRIS  manuals  that  contain 
chemical-specific  data. 

Chemical  Manufacturers  Association 

Federal  Assistance  Handbook:  Emergency  Management,  Direction 
and  Control  Programs,  prepared  by  FEMA 

Guide  for  Development  of  State  and  Local  Emergency  Operations 
Plans,  prepared  by  FEMA 

Guide  for  the  Review  of  State  and  Local  Emergency  Operations 
Plans,  prepared  by  FEMA 

CMA’s  Chemical  Referral  Center 
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CWA 

Clean  Water  Act 

DOC 

U.S.  Department  of  Commerce 

DOD 

U.S.  Department  of  Defense 

DOE 

U.S.  Department  of  Energy 

DOI 

U.S.  Department  of  the  Interior 

DOJ 

U.S.  Department  of  Justice 

DOL 

U.S.  Department  of  Labor 

DOS 

U.S.  Department  of  State 

DOT 

U.S.  Department  of  Transportation 

EMA 

FEMA’s  Emergency  Management  Assistance  Program 

EMI 

TTie  Emergency  Management  Institute  is  a  component  of  FEMA’s 
National  Emergency  Training  Center. 

EOF 

Emergency  Operations  Plan  developed  in  accord  with  the  guidance 
in  CPG  1-8 

EP 

Extraction  Procedure  in  RCRA 

EPA 

U.S.  Environmental  Protection  Agency 

ERG 

DOTS  Emergency  Response  Guidebook 

ERT 

EPA’s  Enviornmental  Response  Team 

FEMA 

U.S.  Federal  Emergency  Management  Agency 

FEMA-10 

Planning  guide  and  checklist  for  Hazardous  Materials  Contingency 
Plans,  forerunner  of  present  Hazardous  Materials  Emergency 
Planning  Guide 

FWPCA 

Federal  Water  Pollution  Control  Act 

HAZMAT 

Refers  generally  to  hazardous  substances,  petroleum,  natural  gas, 
synthetic  gas,  acutely  toxic  chemicals,  and  other  toxic  chemicals. 

HAZTOP 

Hazard  and  operability  study,  a  systematic  technique  for  identifying 
hazards  or  operability  problems  throughout  an  entire  facility 

HHS 

U.S.  Department  of  Health  and  Human  Services 

HIT 

Hazard  Information  Transmission  piogram  provides  a  digital 
transmission  of  the  CHEMTREC  emergency  chemical  report  to  first 
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HMAC  (P) 
HMAC  (P) 

HMTA 

HSWDA 

lEMIS 

lEMS 

JRT 

LPG 

MSDS 

MTB 

NACA 

NCP 

NCP 

NEMS 

NESHAP 

NETC 

NFA 

NIOSH 

NOAA 

NRC 

NRT 


NSF 

OSC 


responders  at  the  scene  of  a  hazardous  materials  incident. 
Hazardous  Materials  Advisory  Council 

Memphis/Shelby  County,  Tennessee,  Hazardous  Materials  Advisory 
Council 

Hazardous  Materials  Transportation  Act 

Hazardous  and  Solid  Waste  Disposal  Amendments  (1984)  to  RCRA 
FEMA’s  Integrated  Emergency  Management  Information  System 
Integrated  Emergency  Management  System,  developed  by  FEMA 
Joint  Response  Team  efforts  between  the  U.S.,  Mexico  and  Canada 
Liquified  Petroleum  Gas 

Material  Safety  Data  Sheets  specified  by  SARA  Title  III 
Material  Transportation  Board  of  DOT 
National  Agricultural  Chemicals  Association 
National  Contingency  Plan 

National  Oil  and  Hazardous  Substances  Pollution  Contingency  Plan 

FEMA’s  National  Emergency  Management  System 

National  Emission  Standards  for  Hazardous  Air  Pollutants 

FEMA’s  National  Emergency  Training  Center 

The  National  Fire  Academy,  component  of  FEMA’s  National 
Emergency  Training  Center 

National  Institute  for  Occupational  Safety  and  Health 
U.S.  National  Oceanic  and  Atmospheric  Administration 
National  Response  Center 

National  Response  Team,  eonsisting  of  representatives  of  14 
government  agencies  (DOD,  DOI,  DOT/RSPA,  DOT/USCG,  EPA, 
DOC,  FEMA,  USDA,  DOJ,  HHS,  DOL,  Nuclear  Regulatory 
Commission,  and  DOE) 

National  Strike  Force  (under  USCG) 

On-Scene  Coordinator,  the  Federal  official  predesignated  by  EPA 
or  USCG  to  coordinate  and  direct  Federal  responses  and  removals 
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OSHA 

PL 

PMN 

PSTN 

RCRA 

RDDT 

RPM 

RRT 

RQ 

RSPA 

SARA 

SARA  Title  III 

SEOC 

SSC 

TEMA 

TSCA 

USCG 


under  the  NCP 

DOL  Occupational  Safety  and  Health  Administration 
U.S.  Public  Law 

Premanufacturing  Notification  provision  in  TSCA 

Pesticide  Safety  Team  Network  (National  Agricultural  Chemicals 
Association) 

Resource  Compensation  and  Recovery  Act  (of  1976) 

Research,  Development,  Demonstration  and  Training  Provisions  of 
SARA 

Remedial  Project  Managers 

Regional  Response  Teams  composed  of  representatives  of  Federal 
agencies  and  a  representative  from  each  State  in  the  Federal  region 

Reportable  Quantities  of  hazardous  chemicals  (from  CERCLA  plus 
recent  revisions) 

DOT  Research  and  Special  Programs  Administration 

The  "Superfund  Amendments  and  Reauthorization  Act  of  1986." 
Title  III  of  SARA  includes  detailed  provisions  for  community 
planning. 

The  "Emergency  Planning  and  Community  Right-to-Know  Act  of 
1986"  (included  in  SARA) 

State  Emergency  Operations  Center  (Tennessee) 

Scientific  Support  Coordinators  (NOAA  or  EPA) 

Tennessee  Emergency  Management  Agency 

Toxic  Substance  Control  Act 

U.S.  Coast  Gi’-rd  (Department  of  Transportation) 
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